
Bulletin 146 ■V,meral Technology 20 

DEPARTMENT OF THE INTERIOR 

FRANKLIN K LANE, SiiCREiAR\ 

BUREAU OF MINES 

VAN. H. MANNING, 


TECHNOLOGY OF SALT MAKING IN THE 
UNITED STATES 


W. C. PHALEN 


[In cooperation with the United States Geological Survey ] 



WASHINGTON 

GOVERNMENT PRINTING OFFICE 
1917 



Tlie Bureau of 3^fities, in carrjung out one of the provisions of its organic act—^to 
disseminate information concerning investigations made—punts a limited free edition 

of each of its publications. 

AOieii iMs edition is exhausted, copies may he obtained at cost price only through 
the Superintendent of Documents, Government Printing Office, Washington, D C. 

Tlie SiiperiTiteiidenl. of Documents is not an official of the Bureau of Mines. His is 
an entirely separate office, and he should he addressed 

Superintendent op Documents, 

Government Printing Office, 

Washington, D. C. 

The general law under which publications are distributed prohibits the giving of 
more than one copy of a publication to one person. The price of this publication is 

25 cents. 

a 


Phr'st edition. November, 1917. 



CONTENTS. 


Preface, by Yan H Maiming. 

Introduction. 

Field M^ork done..,. 

Acknowledgments... 

Mineralogy of salt... 

The uses of salt. 

Types of occurrence.... 

Salt deposits of the United States. . 

Geneial distribution and charactei. 

New York. 

Early developments. 

Belative impoitance of New York field. 

Position of field. 

Extent of deposits. 

Alichigan. 

Belative importance of Michigan salt industry... 

Position of salt fields... 

Depth to salt beds. 

Ohio. 

Belative importance of Ohio saltindustiv. 

Position of fields. 

Salt deposits in northeastern Ohio. 

Brine horizon in southeastern Ohio. 

Character of brine. 

West Virginia. 

Position of salt (lelds. 

Kanawha Biver area. 

Pennsylvania. 

Situation of salt fields. 

Virginia. 

Kansas. 

Belative importance of Kansas salt industry. 

Position and extent of salt deposits. 

Louisiana. 

Belative importance of Louisiana salt production . 

Situation of deposits. 

Salines of northern Louisiana. 

Salines of southern Louisiana. 

Grande Cote (Weeks Island). 

Situation. 

Occurrence of salt. 

Petite Anse (Averys Island). 

Situation. 

Occurrence of salt ., -. ,.. -. - -.... 


Page. 

XI 

1 

1 

2 

3 


0 

5 

ti 

() 

H 

i 

7 

8 
9 
9 
9 
9 

11 

11 

11 

11 

13 

14 

15 
15 
15 
Jf> 
i(> 
18 
19 
19 

19 

20 
20 
20 
20 
21 
21 
21 
21 
22 
22 
‘>0 


nr 


















































(•<»x I ICXIS. 

('ui^ril s^utos—i^mtiuiKMl Page- 

■ i,-L.>. ^3 

Si; uium.i <>i ‘•alt-protlucuig aroa^ 23 

iU*\^4opmoaT- . - . 24 

<i!im s or (‘Li^tcni Texas... . ... . 24 

SiruaT5*Mi. - 24 

<iraii»l Saliuo. - 24 

Palo^UTie. - 26 

S:«‘*‘ii Saitiie. - 26 

i»rook'< Saline. - - - - - -- - 26 

i *'vniro!RV«ol ^alt.ill western Texas. . - . 27 

Sail l>as 3 i» Ml Traus-Pecos region-- . .... .27 

< oli>ra4u ('iry. - . 28 

^ Hhoi ooeiirreitces of salt. . - 28 

irKlaliMiua.- - 28 

Relative importance of salt industry. . . 28 

Salt plains. ... . 29 

Situation. -j. 29 

i tregnii. 29 

Idaho and Wyoming. 29 

Nevada. 30 

Relilt ive importance of Nevada salt industry . 30 

New Mexico. 30 

Relative importance of salt output. 30 

Situation of deposits. 30 

.Vrizona. 31 

Utah. 31 

Relative importance of Utah salt industry. 31 

Salt-producing localities. 32 

(Ireat Salt Lake. 32 

(’alifornia. 32 

Relative importance of salt production. 32 

General occurrence of salt. 32 

Produc’tion of salt from sea water. 33 

Producing localities. 33 

Description of occurrences. 33 

Colusa County. 33 

Inyo County. 34 

Kern County. 35 

Mono County. 35 

San Bernardino County. 35 

San Luis Obispo County. 3 (j 

Other localities. 37 

Salt-making processes. 3 g 

Classification. 3 g 

Solar evaporation. 3 g 

Where process is used. 3 g 

Solar evaporation at Syracuse, N. Y. 3 g 

Commercial status of industry. 3 g 

Original method. 3 g 

Improved method. 4 q 

Recovery of sea salt in California. 40 

Production centers.... 40 

Salt-making season. 4 ^ 



















































COKTRKTS. 


V 

Sal t-niakiii^ processes—Continued 
Solar (‘vaporatioii—Continued 

Recuveiy of sea salt in California—(’ontmued 

Strength of brine. . 12 

Salt ponds. 42 

Methods of pumping. 41 

Harvesting. 14 

Milling. 4'j 

Utilization ot bittern. . . I'J 

Notes on samples. 4S 

Salt production at Great Salt Lake, Utah. ... - 49 

Pioductioii centeis. 49 

(''harac ter of brine. -- - 49 

Salt making at Saltair. - - - - ">1 

Principal methods ot evaporating salt. 52 

Direcx-heat evaporation. 52 

Evapoiation in open-kettles. 52 

History. 52 

(instruction of apparatus. - - 53 

Methods of operation. 54 

Evapoiation in open pans. 55 

Preliminary treatment of the bnne. 55 

Pan construction and manipulation. 55 

Character of product. 57 

Practice in Wyoming County, NY. 57 

Practice in Michigan. 58 

Practice near Hutchinson, Kans. 59 

Practice in Sevier Valley, Utah. 

Steam evaporation. Cl 

Evaporation in jacketed kettles. 61 

Grainer process. 61 

General principles ot saline deposition. 61 

General conditions as to use of waste heat. 62 

Manipulation of brine. 63 

Pumping. 63 

Clarifying. 64 

Preheating.!. 61 

Outline of process. 65 

Construction of grainer. 6^1 

Mechanical rakers. 66 

Belt conveyors. 67 

Alberger process. 68 

Practice i n New York. 69 

Practice in Michigan. 70 

Development. 70 

Ludington-Mardstee district. 70 

Saginaw Valley district. 7 L 

Detroit district. 73 

Practice in northeastern Ohio. 74 

I’brmer practice at Pittsburgh, Pa. 75 

Practice in Kansas. 76 

Practice in Texas. 76 

Practice in West Virginia and southern Ohio. 77 

Salt-making centers. 77 

Peculiarities of brine. 77 






















































M 


CON TEN rs. 


traiiuii—v.'o:Uinuf‘<! 

A]l>en’ei prntv.-'s—Continued. 

Pnnjtiro lu Virdniaand southe/n Ohio—Continued 

tVcrreiitnieiit m mud settlers. 

He-treatment hy filtration. 

Treatment ut Malden, W. Va. 

Ket*o\ery of hruinine... 

History. 

Produ'‘tn*‘i ,‘onterto. 

< t<Ji ihe iinlustiy. 

Methods lit niahiiiir bionline. 

Periodie < ir int ei mineiii ]>iocosa. 

Production of bromine in Ohio and West Virginia liy intermittent 

pro^*e3s. 

Distillation of l^romine m Michigan. 

Drawbacks to periodic process. 

Recent developments in preparing liromiiie. 

\ 'oDtiuuoiis process. 

Electrolytii* imicess. 

Uses of bromine.*. 

Recovery of calcium chloride. 

i )hio and West Virginia. 

Michigan.. 

Vacuum-pan pro<*es3._ 

Historic. 

Production centers. 

1 'haracter of product.. . 

Pnnciple of vacuum-pan process. 

Construction of apparatus. 

Details of operation. 

Manistee evaporator. 

Other types of evaporators. 

Lillie evaporator. .. 

Brecht salting evaporator. 

Evaporator shell. 

Heating chamber. 

Salt filter. 

Craney vacuum pan. 

Oscar Krenz pan. 

Swenson evaporator. 

Operation. 

Sanborn evaporator. 

Construction. 

Operation. 

Wheeler evaporators. 

Zaremba crystallizing evaporator-. 

Construction. 

Heating surface. 

Circulation.-..,. ^ ' 

Salt filter. 

Method of operation. 

Milling operatdons.' T \. 

Combination salt. 

Commercial status of processes. 


L‘age 

77 

79 

79 

80 
80 
81 

84 

85 
85 

85 

87 

88 
88 
91 
94 

94 

95 

95 

96 

97 
97 
99 

100 

101 

102 

104 

104 

106 

106 

108 

108 

108 

109 

109 

109 

109 

110 
111 
111 
111 
113 
113 
113 
113 

115 

116 
115 

117 

118 
118 





















































COIS^TENTS. 


TH 
Page. 

Removal of gypsum from brines. 121 

Relative efficiency of processes. 122 

Technology of mining and milling of rock salt. 124 

Situation and development of mines. 124 

Retsot Mining Co., Retsof, N. Y. 124 

Mining. 124 

Milling. 125 

Sterling Salt Co , Halite, N Y. 120 

Detroit Salt Co., Detroit, Mich. 126 

Mining. 126 

Milling. ^ . 127 

Bevis Rock Salt Go , Lyons, Ivans. 128 

Method of sinking shaft. 128 

Mining. 129 

Milling. 130 

Equipment. 130 

Royal Salt Co , Ivanopohs, Ivans. 131 

Mining. 131 

Milling. 131 

Equipment. 131 

Crystal Rock Salt Co., Kanopoiis, Ivans. 132 

The salt bed. 132 

Method of sinking shaft. 133 

Mining. 134 

Milling. 134 

Equipment. 134 

Commercial grades of Kansas rock salt. 134 

Myles Salt Co , Grande Cote, La. 135 

Avery Salt Mining Co , Petite Anse, La. 136 

Usetul tables connected with the salt industry. 137 

Publications on mineral technolog}^. 142 

Index. 145 





































ILLUSTRATIONS. 


Pacfe 

Plaia: I J, t^alt iiiinu I Jtnohs, 21 luiies northwest of Piedniond, Sevier 
Voinity, Tiah />, Sait mine of Inland Ciystal Salt Co , in Sanpete 

roiiiiiv, Utali. 

11 J, Harrestiny^Falt produced by soiai evaporation at Syuacuse, N Y , 

Salt vats vith ioofs removed, solai evapoiation process, Syra- 

(W, X Y . 

IT! J, View oi (“r\stalii-diig ])onds, Iw<lie Salt Co , San Mateo, Cal , B, 

Salt ponds and salt piles at plant of Union Pacific Salt Co , San 

Frauuld) Bay, ( at . 44 

IV -1, t da\ ity iaethod of uniimig bnne fiom one pond to another, Oliver 
Salt Co plant, ^^foimt Eden, Cal , B, Salt gardens, Olivei salt plant, 

Mount Eden, Cai. 44 

A, Details of salt ciystallization in ciystallizing pond, Leslie Salt Co , 

San Mateo, i Ul , B, View of crystallizing ponds at Leslie plant, San 

Mateo, Cal. 46 

VI, „i. Slough and vindmills at Oliver salt plant, Mount Eden, Cal ; B, 

Windmill, Oliver salt plant, l^Ioimt Eden, Cal. 4() 

VIL .4, Loading salt on small cars to be earned to the plant for refining, at 
Ollier salt plant. Mount Eden, Cal , j 5, Harvesting salt in the har¬ 
vesting pond of the Long Beach Salt Co , Long Beach, Cal. 48 

VIII Panoramic* view showing salt ponds during harvesting process, Long 

Beach Salt Co , Long Beach, Cal. 48 

IX. J, Leslie salt plant, San Mateo, Cal , B, Method of mechanically 
lifting salt from the salt ponds at California salt plant, Alvarado, 
Alameda County, Cal. 50 

X. J, Plowing salt in harvesting ponds, preparatory to harvesting the 
- salt, B, Loading salt onto car for shipment to refining plant, Inland 

Crystal Salt Co , Saltan*, near Salt Lake City, Utah; C, Royal salt 
plant and refuse salt pile, Kanopolis, Ellsworth County, Kans_ 62 

XI. A, Open-pan room, Western Salt Works, Hutchinson, Kans , H, 

Typical country salt plant east of Nephi, Utah. 60 

XII Plan and sectional elevation of automatic salt raker with hydraulic 
drive. 

XIII, -4, Outeide settling tanks, Worcester salt plant, Silver Springs, N Y., 

R, Preheating tanks, Worcester salt plant, Silver Spnngs, N. Y... 70 

XIV. Ay ijtrainem in wMch salt is lifted by hand, Worcester salt plant, 

Silver Springs, N. Y , B, Grainersat Liverpool saltplant, Hartford, 

W. Va. 70 

XV. Thirty-foot pan.. j _02 

XVI. Side elevation of a triple effect vacuum pan. 104 

XVII. End elevation of triple-effect vacuum pan. 104 

X\TII Section thiough quadruple-effect Lilhe evaporator. 100 


Yin 



















ILLURTO \TTOXS. 


IX 


XIX. Brecht evaporator... 10b 

XX Craney type of vacuum pan. 110 

XXI Oscar Krenz evaporator. ... . HO 

XXII Alarket sizes of salt. lis 

XXIII J., Eotary cylinder diier used in drjTing higli-gi'ade salt, B Type of 

screen used at many salt plants in [rnited R^ate^. 1 IS 

XXIV. Coarser grades ot rock salt produced in Kansas lock-salt mines B, 

Finer grades ot rock salt produced in Kansas rix k-salt mines. I:i0 

Fig 1 Plan and sections of pan block. ;><» 

2 . Preheating tank for brine at base of chimney. 

3 Apparatus tor producing and separating bromine ■without distillation. i 

4 Essential paits ot vacuum pan. 100 

5 Section ot a aiiigle-cdtoct a acuum pan. 10.) 

6 Swenson tnple-eOect evapoiatoi. HO 

7. Sanboin salt evaporator. 11J 

8 TVTieeler salt evaporating pan with c*ontinuous elevator. 114 

9 Flow sheet of milling process, Steiling t>alt plant Halite, X Y. . . 127 

10 Sec*tion showing method of smking shatt tiuough water-bearing 

stratum at Bevis salt plant, Lyons, Kans. 12S 
















PREFACE. 


This report on the technology of salt production in the United States 
is the outcome of studies that have extended over several seasons 
and is based on work undertaken primarily in connection with the 
Govemment^s efforts to find deposits of soluble potash salts in the 
United States. Nearly every active salt plant in the United States 
has been visited, the source of siipplv and the methods of extracting 
the salt from the brine have been studied, and hundreds of samples 
collected for analysis. Tlie results of the work have l)een prepared 
for publication in two parts. One of these is to be publishetl by the 
United States Geological Survey and relates to (a) the geology of 
salt deposits, (b) the theories connected with their origin and forma¬ 
tion, (c) the chemistry of the salt beds and natural l)iines, and (J) 
the statistics of salt production in the United States. The part em¬ 
braced by this report, published by the Bureau of Mines, relates to 
processes of technology. 

Though the literature contains many descriptions of the salt in¬ 
dustry in different parts of the United States, few of them treat in 
detail the technology of salt making. Most of the reports present 
information on the industry in particular States. 

In recent years general reports on salt have been issued in English, 
but these have related to English and Canadian practice, and United 
States methods have been passed over with descriptions entirely in¬ 
adequate to present-day progress. The work of T. M. Chatard, which 
relates chiefly to the industry in the Umted States, was written 30 
years ago. The character of the machinery, the quality of the labor, 
and the use of labor-saving devices have undergone profound changes 
since that report was written. The remarkable development of me¬ 
chanically-raked grainers and the establishment of the vacuum-pan 
process illustrate the advancement made. In some of the modem 
grainer and vacuum-pan plants the salt is not touched by hand from 
the time that it crystallizes from the brine till it is ready to be wheeled 
into the cars for shipment to consumers. 

The importance of the salt industry needs no comment. The do¬ 
mestic output in the United States in 1915 was 5,352,409 short tons, 
valued at $11,747,686. This industry is scattered over 14 States, 
distributed from coast to coast and from the Great Lakes to the Gulf. 
Competition has been keen in it, and this, together with the low value 
of the commodity, prevents its transportation to considerable dis¬ 
tances except where local prejudice favors a certain brand. This 
competition has led to loss. 

The general view of the industry, that Mr. Phalen was enabled to 
obtain from his visits to aU the operating plants in the United States 
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PEKFACE. 

oiiiibltMl him lo draw ooriuiu gouoral conclusions with reference to 
the nultisMn. Ont‘ I'i* these was the great excess of plant capacity 
a^ coui{»iin‘d with the domestic requirements. The consensus of 
opinion to he that much more salt was being produced than 

c<»uld he marketed, estiinutes of overproduction ranging from 20 to 
oO per cent. T\w facts that largo, up-to-date plants were not work¬ 
ing at full capaciiv, that olliers were working at half time or half ca- 
}>acit r, and that tuhom were either temporarily or permanently (dosed, 
are significant to those planning to enter the salt business. 

'rile rapid deterioration of the equipment also deserves considera¬ 
tion. The wear and tear on all salt-maknig machinery is heavy. , If 
a plant is allowed to remain idle for any considerable time it is well 
nigh ruined. For this reason it may often be cheaper to make salt 
for a season without jirofit than to shut down. In figuring costs and 
basing soiling price on them some producers have not provided for 
the rapid deterioration of plant, and this, together with overproduc¬ 
tion, has caused heavy losses among salt manufacturers during the 
past decade. 

Mr. Plialon points ont the possibihtics of utilizing the residual bilr- 
teni (nndlmr liquor) from salt makmg, and especially the recovery 
of potash and magnesium salts. Along the California coast and on 
the shores of Great Salt Lake, the mother liquors contain considerable 
quantities of these salts. As the cost of magnesium salts on the 
Pacific coast has been high during the war, and as the potash salts 
for fertilizer have been difficult to procui‘e recently at any price, the 
value of these mother liquors should be appreciated, and seemingly 
this fact is begimiing to be reahzed. 

The report presents a valuable series of analyses made by W. B. 
Hicks, of the United States Geological Survey, of representative sam¬ 
ples of natural brines. Most of those brines are now worked for salt, 
bromine, imd calcium chloride, but some of them, for example, ia 
northem Ohio and pails of Michigan, haye never been. used. These 
brines deserve careful investigation as a possible basis of chemical 
industries. The report also includes: 

1. An outline of the general distribution and character of the salt 
deposits of the United Sta'tes, which is inserted because aU the readers 
of the report will probably not have access to ihe Survey’s comple¬ 
mentary report. 

2. A detailed description of the different methods of salt making_ 

by solar evaporation, direct heat (indudmg the open-paa process), 
and steam evaporation (including grainer and vacuum-pan practice). 

3. An ou^e of the manufacture of bromine from natural brines, 
and a description of the preparation of calcium chlonde. 

Van H. Manning, 
Director. 



TECHNOLOGY OF SALT MAKING IN THE UNiTED STATES. 


By W. C. Phalen. 


IMTEODUCTIO¥. 

Diiruig the. st^Jirch for deposits of soluble potash salts in the Ihiit etl 
States^ carried on by the United Slates Geological Survey, iiiiicli iiifor- 
ination was collected on the salt resources and industry of the United 
States. The more important features of the information thus gath¬ 
ered, compiled, and digested may be classified undtu’ five headings, 
as follows: 

1. Geology of the salt deposits of the United States. 

2. Theories relating to the origin and formation of salt deposits. 

3. Chemical composition of saline materials in the United States, 
prmcipaliy rock salt and natural and artificial brines. 

4. Statistics of salt production in the United States. 

5. Technology of salt production. 

The first four items are not discussed in this report, but their 
treatment will comprise a separate report published by the Geologi¬ 
cal Survey,^ which will supplement this report, relating to salt¬ 
making processes, and will describe comprehensively the salt resources 
of the United States. Pemoiis clesirmg a copy of that report should 
apply to the Director of the United States Geological Survey, Wash¬ 
ington, D. C. 

In addition to the discussion of processes, this report gives a brief 
description of the more important sources of salt in the United 
States. This description has been abstracted from the much length¬ 
ier description contained in the report to be published by the Geo¬ 
logical Survey. 

FIELD WOBE: DOFE. 

The field investigation of the sources of salt was made chiefly m 
1911 and 1912, but salt-making processes, or technology, was fur¬ 
ther studied in 1916, with a view to brmgiiig the discussion of that 
subject up to date. 

The field work extended over the western part of New York and 
included visits to operating plants in Wyoming, Livingston, Genes- 

a PHalen, W. C., Sait resomces of the Unitecl States: U. S. Gcol. Survey Bull. 669. In course of publi¬ 
cation. 
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spe and Toniplsins Counties. Every active plant iu tlio lower penin¬ 
sula of JIicMgaJi -was visited, including plants in Midland,_ Saginaw, 
Bay, inid Isabella Cotmties, where are natural brines containing bro¬ 
mine in comuxorcial quantity, and bromine and other chemicals, 
including magnesium salts, are now obtained. Tho process of oh- 
tairdiig bromine, and the possible utilization of these and other natu¬ 
ral brines contaunag bromides, lime, and magnesium salts, is dis¬ 
cussed on subsequent pages. 

Such natural briues are found at Malden, in the Kanawha Valley, 
yy. Va., and along Ohio River in the vicinity of Pomeroy, Meigs 
Couuty, Ohio, und at Mason and Hartford, Mason County, W. Va. 
'Plicy also underlie a large area m northern Ohio, including the region 
aroLUid Akron, Barberton, Wadsworth, Rittman, Clovoliuid, and 
Fairport Harbor. The brines in northern Ohio have never boon 
woi-ked, and, indeed, greg^j ogre has to be exercised that they do not 
get into tho salt wobg gj^^ them by polluting tho brine. The 
different locahties nientioned have been visited in connection with 
tliis •work, and \vhere the brme is being utilized tho methods of salt 
making were studied. SmnpiAa were collected for analyses iu most 
places where they could bo procured. 

The Kansas salt field and the salt-producing localities in Louis¬ 
iana and Texas were visited. 

The field work_ during ^912 consisted chiefly of visits to salt-pro¬ 
ducing districts ia the far Western States, including tho shore of 
Great Salt Lake and the salt-producing locahtios south of Salt Lake 
in Sevier, Sanpete, and Juab Counties, Utah, tho solar evaporation 
plants that were hi operation on the east and west sides of San P’riin- 
cLsco Bay in Alameda and San Mateo Counties, Cal., and tho solar 
evaporation plants in the southern part of tho vStato, near Long 
Beach, Los Angeles County, and on San Diego Bay, San Diego 
County. 
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MIN-EEALOaY OF SALT. 

Common or rock salt is known to mineralogists as halite. It is the 
chloride of sodium, composed of 39.4 per cent chlorine, which in its 
free state is a gas, and 60.6 per cent sodium, which in its free state 
is a metal. Hahte is rather brittle and has a eonchoidal fracture. 
Its hardness is 2.5; its specific gravity ranges from 2.1 to 2.6, that of 
pure crystals being 2.135; its index of refraction is 1.5442; and it is 
highly diathermous. It seldom occui*s perfectly pure, but is mixed 
with a variety of other saline minerals—such as gypsum, anhydrite 
and, in Germany, carnalhte, kieserite, and polyhalite—or is associated 
with shale and sandstone. 

Halite crystals are isometric and usually form cubes, commonly 
distorted and in cavernous shapes termed hopper-shaped crystals. 
Halite also occurs massive with a granular to compact structure. 
Masses with perfect cubical cleavage are common, as also those with 
fibrous texture which are said to be pseudomorphous after gypsum. 
Rock salt has a vitreous luster, and when pui-e is transparent and 
colorless. The different shades of color are due to impurities which 
impart yellow, red, brown, blue, and purple hues, and are respon¬ 
sible for the varying degrees of translucency. Salt is readily soluble 
in water, and its characteristic taste is known to all. 

THE USES OF SALT. 

Salt is largely used for culinary purposes and also in the ineat- 
packmg, fish-curing, dairying, and other industries to prevent deteri¬ 
oration. It is also used extensively for refrigerating purposes, a 
familiar example being tho making of ice cream. The treatment of 
gold and silver ores by chlorination also consumes some salt. In the 
form of brine it is largely used in the chemical industries in the prep¬ 
aration of soda ash, caustic soda, and various other chemicals con¬ 
taining a sodium base. 

Besides the uses given above, other miscellaneous uses are: To form 
a glaze on pottery; in enameling and pipe works; salting cattle; 
curing hides; making pickles; and clearing oleomargarine. Recent 
experiments have indicated that it may prove of value in aiding the 
recoveiy of potash salts as a by-product in the Portland cement in¬ 
dustry. 

TYPES OF OCCUREEHCE. 

Salt is widely distributed and in many places forms beds of sufil.- 
cient size to constitute true rock masses. It is also found in solution 
in salt springs, in the water of the ocean, and in inland salt lakes 
or seas, as in the Great Salt Lake and the Dead Sea. Interstratified 
deposits of rock salt have been formed by the gradual evaporation 
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ui N't; vtiU*r cut off from the main ocoan. Tlio salt 

water (»f luUuul salt lakes or seas, Like the Great Salt Lake and the 
l)i*ad Sea, heeu eoiieeutrated hy evaporation. In such inclosed 
bodies of '-alt water the luinerak in solution cTystallize out in the 
nrdiT in wliieh flit' stdufion becomes saturated with the various sohd 
^tilf'4. Thi^ order tle]>eiitls partly on the relative quantities of the 
varitius tonsfitueuis originally in the water and partly on the sol¬ 
ubility of tlu' prt'cipitated salts. 

Hock salt is of sut*h general occuiTence that a list of the localities 
where it is found would include almost every civilized country. In 
tlu* Ujuted States there an^ extensive and valuable deposits of salt 
ui central and western N’ow York, in Pennsylvania, Ohio, Michigan, 
Virginia, Kansas, Louisiana, Texas, Nevada, Utah, Aiizona, Now 
Mexico, Cidifornia, Idaho, Wyoming, mid probably hi several other 
States. Salt springs and wells abound hi the neighborhood of the 
salt deposits, and these, as wcU as the watom of wsalt lakes and sea 
water, constitute the sources of the commercial product. 



SAIT DEPOSITS OF THE IWITED STATES. 

GEHEBAL DISTRIBUTION AND CHABACTER. 

Of the useful minerals found m the United States perhaps nrme 
occurs in seemingly greater abundance or is more mdely distributed 
than common salt. The various modes of occurrence include crys¬ 
talline layers interbedded with other sediments, which may have been 
chemically precipitated, as gypsum, or may be ordinary clastic sedi¬ 
ments, as sandstone and shale; in beds of dry or nearly dry lakes, 
marshes, or alkali flats; or in the form of dissolved salt, in "natural 
brines or bitterns issuing from salt springs or accumulated in salt 
lakes or ponds. 

In the eastern part of the United States salt does not lie at the 
surface of the ground, as in many parts of the West. In New York, 
western Pennsylvania, Michigan, Ohio, Kansas, Virginia, Louisiana, 
New Mexico, and eastern and northwestern Texas salt forms rock 
deposits well below the surface, where it is protected from the solvent 
action of rain and ground water by a thick mantle of impervious beds. 
In the far-western States, Idaho, Wyoming, west Texas, New Mexico, 
Arizona, Nevada, and California, many important saline deposits are 
exposed at the surface because the climate is arid. Thus the United 
States may be divided into east and west parts with reference to its 
salt resources, the division being not only geogi’apMc, but climatic. 

In the Western States are many localities having large and impor¬ 
tant salt deposits, the presence of salt bemg attested by many place 
names. The greater part of Nevada, large parts of Utah and Cali¬ 
fornia, and small parts of Oregon, Idaho, and Wyoming are included 
within the Great Basin Region, so-called. In this region lie the drain- 
age basins of the former Lake Lahontan and Lake Bonneville. These 
basins have been studied by Gilbert ® and Russell.^ The conclusions 
of these two men regarding the salmes deposited from the waters of 
these lakes, their accumulation, disappearance from the suiiace, and 
the possibility of finding them below the surface arc discussed in the 
report that will be published by the United States Geological Survey. 

a Gilbert, G. K , Lake Bonneville IT S. Geol. Survey Mon 1,1S90,438 pp 

h Russell, I. C., Geological history of Lake Lahontan, a Quaternary lake of northwestern Nevada: U. S. 
GeoL Survey Mon 11,1885, 288 pp. 

98088°—17-Bull.: 
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TECHivOLOGY OF SALT MAKIHiTG. 


NEW YORK. 


EAELY BEVELOPRrElSrTS. 


Rook salt was disooTorod in UTew York in 1865 at the village of 
Viiic*(*iii^ in we^torn Ontario Coimtj. The importance of the find was 
not fully a]>pre(*iatod until after rock-salt beds had been found in 
other places. Early in 1S7S one of several test wells sunk in western 
New York in a search for ojI encountered a bed of rock salt 70 feet 
tlii(‘k at a depth of 1,279 feet, a mile south of Wyoming. This well 


became Icnovm as the ‘^pioneer well.” Three years later, in March, 
1881, works with the small capacitj'of 40 barrels a day wore erected, 
and salt was first made from artificial brine. Shortly after this dis¬ 
covery successful exploration took place at Le Roy, north of Wyoming, 
and salt was fh'st made at Le Roy in the spring of 1884. 

In the meantime progress was made in another part of the State. 
In August, ISSl, a company of citizens of Warsaw began to sink a well 
near the Buffalo, Rochester & Pittsburg Railroad, in the northern 
part of the town, and in October of that year foimd a bed of salt and 
shale 111 feet thick at a depth of 1,520 feet. Eighty feet of the bed 
proved to bo salt. An abundant su^^ply of water from which arti¬ 
ficial brines could be made was also encountei'ed. It was soon shown 
that the artificial brine was fully saturated, of groat purity, and prac¬ 
tically unlimited in quantity. The development of the salt industry 
in this general locality in the Oatka VaRcy was very rapid in 1883. 
In that year salt was found in the Genesee Valley by a well near the 
shaft of the Rotsof Salt Mines, 10 miles directly east of the Pioneer 
well in the Oatka Valley. In September, 1885, a shaft 9 by 12 feet 
reached rock salt near Grcigsville, at a depth of 996 feet. Many wells 
and a few other shafts were put down in the Genesee Valley during 
the following years. 


The discovery of rock salt at Wyoming revived interest in the search 
for the bed that geologists had asserted must exist in the higher land 
south of Syracuse, and in 1881 a well was sunk at Jamcsville, 7 miles 
southeast of the head of Onondaga Lake. In 1882 another well was 
sunk at Cedarvale, 7^ nnles southwest of the Indian land reservation. 
Rock salt was not found m either of these wells. In 1884 two weUs 
were put down near Onondaga Salt Springs, one by private parties 
md the other by the State. No rock salt was found in the Salina 
formation by either of these wells. In 1885 a test weU sunk at Ithaca 
to a^pth of 3,185 feet foxmd salt, and a careful record was made of 
It, The stratigraphy of the Ithaca well has been described by 
Prosse^ In 1886 a well at Morrisville, Madison County, struck rock 
the most easterly point at which rock salt has 

bS2Sr„“££:"“ " 



SAl'l DKPO!:4JIS or IHr UNI'IKD SiM'VS. 


bom found in tho vState. and the mobt northorly ])oiiit oast of Gene'-oe 
Eiror, with possibl}' a single exception. 

In 1SS8 tile Solvay Process Co., of Syi*aeust\ m ^(‘arehmg for a 
largei and cheaper supply of brine for its givat soda-usli plant at 
S>Ta(*use, began a well in the south end of the valley of Onondaga 
Creek in tho to\vn of TuUy, 17 miles south of Syra(‘use. This well 
was abandoned after it had passed thi'ough 400 feet of glacdal drift, 
but another well a quarter of a imle farther east, found at a depth 
of 1,216 feet a bed of rock salt 45 feet thiek. In ISSO, 10 new wells 
were put down; m 1S90, 10 more; and in I SOI, 9 more, aU on the 
east side of the vaUoy In 1895 and 1806, 11 additional wells were 
driUc^d on the opposite side of the valley, making a total of 41 \vells 
drilled lo the. salt bed there by this company. Forty of these wells 
are comiected by iron pipes with TuUy Lakes. The lake water flows 
by gravity to the salt and becomes saturated with it. This brmc^ 
fomierly flowed through other pipes mto a large main that conve^-ed 
it to S^u'acuse, wiiere the works are 360 feet lower than the mouth of 
the lowest wn^ll, but owmg to the loss by this method the wells are 
now' pumped. 

Ill 1S91 a well was sunk to tho salt bed at LudlowviUe, Tompl-dns 
County, and a second w^oll w'as put do\vn in 1892. In 1S95 another 
well was drilled at Ithaca, north of the well put down m 1885. In 
1893, 1894, and 1896 wells were sunk at Watkins, Schuyler County, 
and salt is now being made at that place. A shaft is reported to 
liavc been bc^guu on the shore of Lake Ca^uiga south of Ludlowvillc 
ill 1916 

UELATIVE IMPOKTAXCE OF XEW^ YOKK FIELD. 

During tho past few' years New' York has ranked second among the 
States m both quantity' and value of salt produced. The industry 
includes both the minmg of rock salt and the evaporation of bmae 
by the solar, open-pan, gramer, and vacuum-pan processes. 

rOSlTIOX OF FIELD. 

The salt field in New' York is distinct from that m the near-by 
State of Ohio, hut is related to the deposits in the Province of 
Ontario, Canada. The salt-bearing Salina formation, outcropping in 
a belt approximately 12 miles wide at Niagara Eiver, extends east¬ 
ward across the central tier of comities in New York to a little south 
of Oneida Lake. The outcrop then tmns southeast, narrowing grad¬ 
ually, and terminates in tho vicinity of Schoharie Eiver, Schoharie 
County. Its greatest width, about 20 miles, is at tho foot of Cayuga 
and Seneca lakes. Salt making is confined to the region south of this 
outcropping belt, that is, hi the dhoctioii of the dip of the beds, because 
the salt IS leached from outcropping beds m this region of abundant 
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ruaifall. A luap pre^eIlted m Bulletin 669^^ of tlie United States 
Geological Survey showmg the outcrop of the Saliaa formation brings 
out thcho facts and shovra the places in the State where salt has betui 
found in wells and shafts. 

EXTEXT OF DEPOSITS. 

The area known to be underlam with rock salt comprises a corner 
of Geneset' County south of LeRoy, the eastern half of Wyoming 
County, nearly the whole of Livmgston Comity, and the part of 
Ontario County west of Canandaigua Lake and chiefly south of the 
Xett York tVntral Railroad. Late reports indicate that to the west, 
m Brie County, roek salt has been found at Eden Valley, SpringviRc, 
Perry, and Gowanda,*’ and in a gas well between Cattaraugus and 
Gowauda.'^ in Cattaraugus County. 

East of Canandaigua Lake the bormgs at Dundee, Watkms, Ithaca, 
LiuUou'viIlo, and TuUy all reached the rock-salt beds. The area 
iinderlam by rock salt west of Canandaigua Lake is computed by 
Bishop to comprise 1,100 square miles. In view of discoveries 
made since Bishop’s report, his estimate is probably far too low. The 
area underlain by salt oast of Canandaigua Lake must be fuUy as largo 
as that to the west, if not larger. The northern limit can be assigned 
tally approximately, owing to the rock salt being dissolved near the 
surface. The southern limit is not known and may never he accu¬ 
rately determined, as the thickness of the cover of Sahna formation 
increases in that du-ection, but the salt is known to extend at least 
as fai’ south as the vicinity of Pittsburgh, Pa. The persistence of 
the salt to the south in New York, however, is indicated by the weUs 
at Ithaca, wliicb reach the salt at a depth of 2,200 feet, and by test bor¬ 
ings in northern Cattaraugus and Allegany Counties, which encountered 
salt at over 3,000 feet. The bormg at Canaseraga, Allegany County, 
penetrated 75 feet of rock salt, begi nnin g at a depth of 3,050 feet.® 

The northern limit, as shown by the outcropping Salina strata, is 
approximately defined by a lino drawn from a point south of Oneida 
Lake westward to Buffalo. South of this line, the deposits ho pro¬ 
gressively deeper in accordance with the dip of the strata, which ranges 
from 40 to 50 feet per mile. The most eastern point at which salt has 
been found is MorrisviUe, Madison County. Between this and Lake 
Erie salt has been found in almost all of the central tier of counties. 

«* PliaIen,W.C.,SaItresoiarces of the United States U S, Geol Surrey BuU.669. In course of publi- 
cation. 

b Newland, D. H., Mining and quarry industry: New York State Museum Bull. 166, August, 1913, p. 57 

<• Newland, D.H.,Mining and quarryindustry. New York State Museum Bull. 174, December, 1914 ,p. 66. 

Bishop, I. P., Eeport of the New York State Geologist, toI. 6, 1885, p. 34, 
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MICHIGAN. 

RELATIVE IMPORTANCE OF MICHIGAN SALT INDUSTRY. 

During the past few years Michigan has ranked first among the 
States 111 both quantity and value of salt produced. Salt in Michigan 
IS obtained from two distinct sources—^rock salt and natural brine— 
and is produced by the open-pan, grainer, and vacuum-pan methods 
of evaporation. The industry based on rock salt is of much greater 
importance than that based on natural brme. 

POSITION OF SALT FIELDS. 

Salt is made m three distinct parts of the State. The producing 
districts are situated (1) in the southeastern part of the State along 
Detroit and St. Clair Rivers, (2) m approximately the central part of 
the Lower Peninsula, especially in the Saginaw Valley, and (3) along 
the western coast of the Lower Peninsula. 


DEPTH TO SALT BEDS. 


Ill the southeastern part of Michigan and to the north along St. 
Clair River a great many weUs have been sunk to the salt be<ls. 
Records of these wells are given m Umted States Geological Survey 
Bulletin 669.® The depths to the salt beds are shown in the accom¬ 
panying table 


Depths to salt beds in eastern Michigan 

Location 

Marine City, well No.l. , 

Marine City, well No. 2 (first bed). 

Marine City, well No. 3. . 


Marine City, well No. 4. 

Marine City, 2^ miles north of, well No 6 
Marine City, probably west of, well No 7. 


Depth in feet. 
- 1,604-1,637 
1, 634-1,735-1- 
1, 622-1,637 
1,642-1,662 
1,672-1, 737 
rl, 570-1,590 
’ll, 600-1,630 

.1,600 

rl, 620-1,650 
'll, 675-1,775 


Petrolia, Ontario, 18 miles from Port Huron (in Monroe ^roup) 1,199-1,251 


Port Huron, well No. 12 (Monroe group and 
Salina foimatron). 


Just above 1,600 
At 1,600 
[Above and below 1,700 
Port Lamb ton, Ontario, 5 miles northeast of Algonac. 1,710-1,720 

Royal Oak, well No. 2./^kest, 1,54^1,6^ 

ILowest, 2,315-2,475 

St. Clair... 1,630-1,660 

St Clair, 5 miles below. 1,500 

St Clair, one-half mile east of (in the Monroe group). 1,620-1,650 

Wyandotte (bands of salt). 730-1,235 


«Phalen,W.C , Salt lesouroes of the United States* IT, S Oeol. Survey Bull, 669 In course of publication 
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TEC IINOIAKiY OF S4.LT MAKING. 


rtM‘k will o.i-ui'' ill tlic southwestom part of tho State, but it is 
found to the luu-tli, at Ludingtou and Mnnusteo. At Erankfort, still 
fai-fher to tho north, in Benzie County, wells through tho Salma, the 
sail-hearing formation, did not strike salt, nor even a strong briiu' 
It IS likely that Frankfort is just outside tho bordors of the ancient 
M*a in wliieh the salt was deposited. Likewise tho St. Igiiaco and 
Cheboygan wells show no salt. The followmg log shows the bods, 
tliat a typical well penetrates at Ludington. 

Lug uJ'mII v'M put <h»iu bf J 8. Steams, at Ludington, Mason Countv, Mich '• 
[Ten-lneh cjsing, 20t leet, water (33* F ) at about 300 feet, 8-inch casing to rock 1 

. Material Thickness, Depth, 

PleiaUifont* leet feet 

Sand.198 . 

Claj, pink, <*aI<*areoiis. 68 266 

tJiavel. 94 SCO 

Clay, pink, calcareoua. 155 515 

<iravol. 61 576 

Limestone, with 15 teet of pcaroua granular limestone 

and suilt water 35 feel below the casing. 74 650 

("old water 

Shale, blue. 550 1,200 

Antrim 

Shale, black. 200 1,400 

Travewe group 

Limestone, brown. 25 1,425 

Shale, blue. 35 L, 460 


Limt*stone, brown, oily, with hydrogen sulphide. 


40 1,600 


Limestone, pure (Dundee?).250 1,750 

Dolomite, brown, sandy. 160 3,910 

Shale, cak*areous. 90 2,000 

Monroe group 

Dolomite. 25 2,025 

Limestone. 25 2,050 

Dolomite. 25 2,075 

Sandstone (Sylvama?). 100 2,175 

Dolomite, sandy, and anhydrite. J23 2,296 

Salt. 8 2,304 

At Manistee are a nninber of wells 300 to 400 feet shallower than tho 
Steams well. The depths to salt are shown by some of tho records of 
tho Ludington and Manistee wells, as follows 

Depths to salt at Ludington and Manistee, Midi 

, „ Location Depth to salt, foot 

Ludington, well No. 1. 2,195 

Ludington, 1 mile south of. 2,242-2 260 

Ludington, well No 3. 1*966-2*001 

Manistee, well No 1. / 1,978-1,983 

.I 1,988-2,012 

Manistee, well No 2./ 1,900-1,904 


Manistee, well No 3- 
Stronach.. 


t 1,988-2,012 
r 1,900-1,904 
I 1,912-1,942 
1,988 
.. 1,930-1,964 


Mjduisa Qeol SnmyTonthAnn Hop! 
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Another area which contains rock salt in some quantity, hut has 
not yet been developed, is about Alpena, in the northeastern part of 
the Lower Peninsida, on the shores of Thunder Bay, an arm of Lake 
Huron. Here five beds of salt, with streaks of gypsum and anhydrite, 
are known, their aggregate thickness being about 300 feet. 

OHIO. 

EELATIVE IMPOETANCE OF OHIO SALT INDUSTEY. 

Ohio has ranked third among the States in recent years in both the 
quantity and the value of the salt produced. Both salt beds and 
natural brines are utdized and the product is made by the common 
processes of evaporation, the grainer and vacuum-pan processes. 
No rock salt is mmcd. Considerable brine obtained from beds of rock 
salt IS utihzed in the manufacture of soda. Bromine and calcium 
chloride are also obtamed from the natural brines along the Ohio 
River, and reports indicate that an increase in chemical industries 
may soon be expected there. 

POSITION OP FIELDS. 

Ohio salt at present comes from two distinct districts, one in the 
northeastern and the other in the southeastern part of the State. 
The southeastern distnct at present is included entirely within Meigs 
Coimty and is coextensive with that in West Virginia on the opposite 
side of Ohio River. The northeastern district compnses Cuyahoga, 
Medina, Sumimt, Wajme, and Lake Counties. 

SALT DEPOSITS IN NOETHEASTEEN OHIO. 

Though the salt-producing area m northeastern Ohio is large, salt 
production thus far has been restricted to Cuyahoga, Summit, Medina, 
Lake, and Wayne Counties. Salt is not produced as such m Lake 
County, the brines produced by the Diamond Alkali Co., at Fairport 
Harbor, bemg made into other sodium compounds. That the salt 
beds extend farther east than the producing wells is shown by the 
following record of the Hadsell well near Cortland, Trumbull County: “ 

a Bownocker, J A , Salt deposits and tho salt industry in Ohio Ohio Geol Survey, ser. 4, Bull 8,1906, 
p. 42, Ohio Geol. Survey Boon. GeoL Bull. 8, vol. 9, 1906, pp. 9-^2. 
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lld'hU '•vIL II, 'ai Voiihnd Tmmbiill Cowntii, Ohw. 

Thickness, Depth, 


Material f®ot. feet. 

Drift. - ' ■ - . 

Sbulo. . 

Berea grit. . 260 

Shales, Bedford and Ohio. - ... - 2,886 2,656 

Limestones, < ^orniferoiis and Monroe... .... 583 3,239 

Saiina formation 

Hock salt... . . . 12 3,251 

Limestone. 5 3,256 

Rock salt. 2 3,258 

Limestone. .... 3 3,261 

Rock salt. 10 3,271 

Limestone. 49 3,320 

Rock salt. 29 3,349 

Limestone. 10 3,369 

Rock salt. 52 3,411 

Shale,'white. 18 3,429 

Limestone. 36 3,465 

Rock salt. 10 3,475 

Limestone. 50 3,525 

Shale, white. 15 3,540 

Rock salt. 30 3,570 

Limestone. 10 3,580 

Rock salt.:. 3 3,583 

Shale, white. 90 3,673 

Limestone. 5 3,678 

Shale, blue. 32 3,710 


This record shows 148 feet of rock salt. If the alternating strata 
of lunestone are similar to those farther west in having many largo 
holes filled with salt, then the total quantity is much in excess of 148 
feet The record shows that the salt strata extend to the eastern 
line of the State. Although the data from well records in New York 
do not warrant the statement that the salt beds of New York arc 
coextensive with those of Ohio, the presumption that thia is so is 
strong, as comparatively recent records have shown the existence 
of rock salt in filrie and Cattarai^us Counties, in localities where it 
was formerly considered not present. The southern limit of the 
salt deposits has not been determined, because the strata dip south 
and east, and the salt lies so deep that it has not been reached by 
the drill. Westward, also, the limit has not been determmed, but 
can not extend as far as Sandusky, according to the following record 
obtained near that place, although too much weight must not be 
attached to the evidence of a single well.® 

Swey°T6ft^; seologioal survey of Ohio, petroleum and natural gas Ohio Ocol 
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Log of weJL Sandush/i Mm County, Ohio 


Vtateridl. 

ImcKiieb.'', 

feet 

I‘epth, 

feet 

Drift. 

. 10 


Limestone, Corniferous. 

100 

no 

Limestone, J^fomoe and Niagara. 

. . . 070 

1 oso 

Shale, Niagara and Clinton foimations 

. 105 

1,185 

Shale, Medina. 

. 175 

1,300 

Shale and limestone, Cincinnati... . . 

. oOO 

1,800 

Shale, Utica. 

. 310 

2,170 

Shale, not recorded. . ... 

. 40 

2,210 

Limestone, Trenton, at. 


2,210 


Considering the area beneath which salt is known to exist, and the 
number and thickness of the salt beds, the conclusion seems war¬ 
ranted that northeastern Ohio contains enough salt to last an indefi¬ 
nite time at the present rate of consumption. 

BKINE HORIZON IN SOUTHEASTERN OHIO. 

The salt industry in southeastern Ohio centers at Pomeroy, Meigs 
County, where a natural brine is worked for bromine and calcium 
chloride, as well as salt. The depths of the wells obtaining brine 
have increased greatly. At first the wells were shallow, being re¬ 
ported as about 300 feet deep and as reaching the horizon of the first 
Cow Run sand, an important source of petroleum in Wasliington and 
Morgan Counties. Later the wells were deepened to get a larger 
supply of brine. When this proved inadequate the wells were again 
deepened. 

The followmg skeleton record of a well belonging to the Buckeye 
Salt Co. is interestmg. The well head is 2o feet below the Pomeroy 
or No. 8 coal 


Log of well near Pomeroy, Meigs County, Ohio a 


Material 

Conductor. . . . 

Shale. 

Sand, white and gray. 

Sand, white, and slate. 

Big salt sand. 

Sand and white shale. 

Strata unrecorded. 

Berea grit. 

Strata unrecorded. 


Thickness, 

Depth, 

feet. 

feet 

58 


492 

550 

320 

870 

90 

9C0 

170 

1,130 

365 

1,495 

50 

1,545 

25 

1,570 

20 

1,590 


a Brines were struck at 320 feet, density 6® B , at 710 feet, density 9® B., at 980 feet, density 9® B , and 
at 1,550 feet, density 16® B. 
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TEOILXOLOU^ OP SALT MAKING. 


Aiiotlior record furnished by the Liverpool Salt & Coal Co. is 

follows: ^ 

L-i{f .>/ »'en at ITarlford, Mason Comity, W. Va 

Thickness, Depth, 


SurfatN^ to “ flor'^Miieck ”. 

“ i Torse neck " t'eoiilainiQg oil and gas)- 

Chiedy shale. 

First CoiV Run ^and <,much water, no oil). 

Shale. t‘tc* . 

Second Cow Run "and. 

Shale, ete . 

First "dll "and . 

Shale. 

Second salt sand. 


As soon as the second salt sand was reached the brine rose in the 
well to a distance of 600 feet from the surface. In aU, the well was 
drilled to a depth of 1,359^ feet, but soon partly filled. The wcU 
was to go to the Berea, but the volume of water would have required 
another line of casing. A very small coal seam was reported m the 
record, but its exact position was not given. 


CHARACTER OF BRINE. 


As stated in the table on page 13, the brine in the Beroa was much 
denser than that in the overlying rocks. The quantity, however, 
was small, and the wcU is pumped from the horizon of the Big Salt 
sand (Pottsville), depths 1,105 to 1,165 feet in the record given 
above. The company has five wells, the depths varying from 1,089 
to 1,590 feet, the latter penetrating the Berea. The Excelsior Co. 
has four wells, whose depths range from 1,100 to 1,200 feet. Wells 
drilled farther oast go deeper, because the beds dip in that direction. 

When drilling first began here the water is said to have risen 
nearly to the well heads and to have overflowed from some wells. 
As pumping progressed the reservoirs of brine were lowered, and the 
tubing was extended deeper into the wells. 

For many years the Excelsior works have pumped from the 750- 
foot level. The brine is said to rise slightly when wells in neigh¬ 
boring plants are not in action. Tbe density of tbe brine increases 
in the direction of the dip of the rocks—that is, to the southeast—as 
is shown in the following table 

Increase of density with depth of natural brine, Pomeroy, Ohio 
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Accorcilug to Bownocker/^ the variation In deiiMty is due to the 
heavier brines seeking the lower level. The rariatiuns in temperature 
result in part from the different conditions under winch the measure¬ 
ments were made. The variation is also due in part to the wells to 
the southeast being deeper. 

The quantity of brine that has been taken from these rocks is 
enormous, much more than the rocks could at- any one time contain, 
and the excess has doubtless come from sm'ronudmg territory. 
The brine-bearing strata dip toward Pomeroy from the northwest. 
As the brine has been pumped from the wells, the supply has been 
renewed from the rocks lying at a liigher level. 

WEST VIEGmiA. 

POSITTOX OF SALT FIELOs. 

West Virginia is an important producer of salt from natm^al 
brines, part of which is from sandstones in the Carboniferous. 
These brines are also an important somce of bromme and calcium 
chloride. 

The natural brines now utilized underlie the regions along Ohio 
and Kanawha Rivers. The Ohio River field is coextensive with 
that in Ohio, Mason and Hartford, in Mason County, being the cen¬ 
ters of the industry in this part of the State. Malden, 6 miles above 
Charleston, is the site of the salt, bromme, and calcium chloride 
industry on the Kanawha River. 

The Ohio River area in West Virginia is geologicall 3 ’ a part of the 
Pomeroy district of Ohio. Mason, one of the centers of the salt 
industry in West Virginia, is situated nearly opposite Pomeroy, 
and Hartford is a short distance farther up the river. The geologic 
occmTence of the brines at Pomeroy, Olno, has already been dis¬ 
cussed. (See pp. 13 and 14.)^ 

KANAWHA RTVEU AREA. 

The record of a deep well drilled for gas on the Cool Spring Branch 
of Burning Springs Hollow, 2 or 3 miles from Malden, throws some 
light on the geological horizon from which brines are obtained on 
the Kanawha River near Charleston. The horizon of the mouth of 
the well is thought to he far from the surface at the wells near Mal¬ 
den. According to White,^ the Salt Sand in this record is 837 feet 
thick, and yields the brine that contains the salt and bromine ob¬ 
tained in the plant at Malden. The term ^^Salt Sand,” as used by 
Wlnte, appears to be equivalent to Pottsville group. 

a Bownockor, J A , work quoted, p 2ri 

See also Phalen, W C , Salt resourocs of tke tTmted States U. S. Oeol. Survey Bull. 6G9. In course 
of publication. 

<- White, T C , I’etroleum and natural gas precise levels West Virginia Cool Survey, vol. Ic, 1004, p, 272 
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Stilt, 1>i‘oiniiic, and calcium chloride from natural brines have been 
o])taineil in rc(*eiit yearn on the North Side, in Pittsburgh, Pa. Early 
ill 1914. however, the industry was discontinued because the brines 
Itecame so ililute that their treatment was improfitable. 

At the sail plain four wells were in operation. One well, one of the 
iloepest in Pennsylvania, reached a depth of 4,089.5 feet, and pene¬ 
trated nearly 4,000 feet of beds that do not outcrop near by. Brine 
was obtained in this well at a depth of 1,405 feet, from a sand desig¬ 
nated in the record as “salt sand.’’ Tliis sand is probably in the 
Pocoiio formation, of Mississippian age, and possibly is the equivalent 
(if till* Berea sandstone.® Tlie record of the well is as follows* 


Lot^ oj the John A Btrl Ac 4 u'ell at Pittsburgh^ Allegheny County, Pa. 




Thickness, 

Depth, 

VLicnal 


ieet 

leet 

Asho.s and clav. 

...... . 

. 20 

20 

Gravel. 

. 

. 49 

69 

Slate (wafer at 95 feet). 


. 30 

99 

Sand (drive pipe, 75 feet). , 

. 

.... 40 

139 

Slate. 

.. . 

. 81 

220 

Sand. 

. 

. . .. 50 

270 

Slate.. . 

. 

. 15 

285 

Lime. . . ... 

. . 


290 

Slate. 


.... 89 

379 

Coal. 


7 

.386 

Slate (10-inch casing, 390 feet).. . . 


. ... 50 

436 

Lime. 

.. 

. 30 

466 

Slate. 

. 

.... 10 

476 

Sand. 

. 

... 30 

606 

Slate. 

. 

. 10 

616 

Lime. 

. 

. 15 

631 

Sand. 




Slate. 


^94 

Oi o 

700 

Sand. 


10 

Slate (8i-inch casing, 840 feet). 


. 35 

/ lU 

745 

Sand, Big Injun. 

.. . _ 

.319 

1,064 

Slate. 

- - - 

. 10 

1, 074 

Sand. 


. 70 

1,144 

Slate. 

. - . 

. 15 

1,159 

Sand. 


?0 

1 170 

Slate. 



1, x/y 

Sand. 


20 

l, J.o4 

1 90^1 

Slate and shell. 


. 46 

1,395 

Salt sand fsalt water at 1,405 feet)... 


. . 95 

1,490 

Sand. 



1,520 

1, 530 

Slate. 


- - - - . . Ov 

. 10 


*'‘''‘** f'amegfe quadrangle, Pennsylvania- TJ. S. Geol. Survey Bull. 
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lal 

Sand. 






f I'UkliL'"', 

feel. 

115 

Deprli, 

feet 

1 645 

Slate casing, 1,645 feel i_ 


.... 




5 

1. 050 

Sand Uittle gas at 1,655 feeti. 


.... 




10 

1. 660 

Slate. 






50 

1 710 

Sand. 






30 

1,740 

Slate. 






20 

1.760 

Sand (Gordon Stiav?). 






10 

h7S0 

Slate. 






5 

1,785 

Red rock. 






5 

1 790 

Sand (Goidon*^). 



.. 



30 

1,820 

Sldte. 






35 

1 855 

Sand. 



. 



10 

1 865 

Slate and shell. 






bO 

1 925 

Sand, filth. 






23 

1,948 

Slate and shell. 



.. 




2,030 

Sand. 






10 

2,040 

Slate and shell.. 

.. 





310 

2,350 

Sand. 






30 

2,380 

Slate. 






110 

2,490 

Sand. 






40 

2^ 530 

Slate. 






35 

2,565 

Sand. 






40 

2, 605 

Slate. 






195 

2, SOO 

Sand. 

.. - 





20 

2 820 

Slate. 






580 

3,400 

Sand. 

- .. 





40 

3,440 

Slate and shell. 






560 

4,000 

Sand. 






40 

4,040 

Slate and shell. 






49 5 

4,089 5 


Two othei' records of deep wells ui western Peimsylvania show 
that the salt-bearing foimation of western New York, the Salina, 
extends into western Pennsylvania. One of these wells, known as 
the Demck City or Bradford City well, was drilled by the Bradford 
Deep Well Co., 4 miles northeast of Bradford, McKean Coimty, Pa., in 
1912 and 1913. This well reached a depth of 5.820 feet, and struck 
four beds of salt, ranging in thickness from 10 to 47 feet. The top of 
the highest salt bed was at a depth of 4,490 feet, and the base of the 
lowest was at 4,713 feet, the salt-bearing beds thus extending 
through a total thickness of 223 feet. 

The other deep well, known as the McDonald well, is situated about 
4 miles northwest of McDonald, Washington County, Pa., some 14 
miles southwest of Pittsburgh. In this well, salt water was en¬ 
countered at approximately 6,825 feet, and rock salt was found m 
the 350-foot interval between 6,825 feet and 7,175 feet. 
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T! L'I V OJ'' SALC MAKING. 


A’IRGINIA. 

riiG o}ii\ GcAiiniic.Mliy imixiilant deposits of salt in Virginia are in 
the S()(itii\ie<i-ri! jt.-Ti i.f iho State. Those, with the gypsum do- 
jxKits, imderiie for 2ti nuJes iho ralloy of the north fork of the IIol- 
f-ten Fiiven, anl liave Iteeii developed rather extensively in Smyth 
ami Wasiiiugton Counties. Two gyfisum plants and one alkah 
work-' in whieii ^ah i'- utilized an^ now in operation. 

llie '^iill i’iul gypsuiu u'eposits, according to Eckel,“ he within the 
lower luemlier of the (jriveuhner thowxnan) hmestono, which is 600 
to 1,UUU foot thu-k. and i ousists of shaly hmostones with one or more 
hi'ils of gypsum uiuierlani by blue shales, or “slates,” that are m 
turn luideiiani by shales or shaly limestones contanimg thick bods of 
rock salt. Tlas lower member of the Newman hmestoiie seems to 
be local, as ii has beet' recorded only in this region. 

None of the earher wells drilled on the Eobertson property south- 
w'est of SaltviUe show an apjireciable quantity of salt, perhaps 
because there was no salt where the drilling was done, or because 
dnlhng stoiqied before roacluug tho salt. j^Ylthough no records of 
the wells are obtainable, salt was reached at a depth of 800 feet, and 
it is said that tlu‘ .aggregate thickness of tho rock-salt beds penetrated 
is 175 feet. 

In a desenption of the area Stoso * divides tho Mississippian rocks 
there mto three formations as follows: (1) An upper limestone called 
the Newman linu»stono, with a tliickness of about 3,325 feet; (2) the 
Maccrady fonnation of shales, sandstones, and limestones, with a 
thiclviiess of 1,025 feet, more or less; and (3) tho Pric,e sandstone, 
with a tliickness of 327 to 424 feet. Tho most striking fact is that 
the gyiisum and salt deposits of the district have been fomid in 
quantity only in the shales of the Maccrady formation along: the 
SaltviUe fault. 

Stose differs from Eckel in mgard to the ongiii of the salt and 
gypsum deposits, believing them to be largely secondary and not 
primary, and to have been derived from calcareous-argiUaceous sedi¬ 
ments originaUy containing disseminated gypsum and salt which 
precipitated m a partly inclosed arm of the sea. The disseminated 
salt and gypsum was subsequently concentrated in the same forma¬ 
tion by ground waters circulating along the fault zone between tho 
Carboniferous and Cambrian rocks. 

southwostem Vngm^ 'loeol.^-oy 

'J-S- Gool.Survey 



SALT DEPOSITS OF THE L'XITED SLUi.S. 10 

Following is a genoralizod record of a typical wtdl on the propi^rty 
of the Mathieson Co, at SaltviUe, Smyth Guuity: 

Generalized leeoul of (apical irell of Math itson Co , Salti lih^ Saigtli la 

ThickuL'^v Itepth, 


Mjteiial feet- feet 

Limestone and shale. 2t5 20 

Shale and gypsum. 195 221 

Mostly shale with gypsum and some ruck salt. 359 580 

Mostly limestone with shale, gypsum, and lock salt_ 215 795 

Mostly shale with gypsum and luck had. 100 8^5 

Mostly lock salt with little shale. 197 1,092 


KANSAS. 

RELATIVE lAfPOltTANVE OF KANSAS SALT INDUSTRY. 

In 1915, Kansas ranked fom*th among the States, both in the 
quantity and the value of the salt made that year. 'Fixe State pru- 
duces much rock salt and also evaporated salt made by the open- 
pan, grainer, and vacuum-pan processes. 

POSITION AND EXTENT OF SALT DEPOSITS. 

In a small part of north, nnddlo, and south-(*entral Kfinsas salt 
.occurs m salt marshes as briiio. Dmnng tbo dry season tins brine 
evaporates, leaving rock salt in the so-called salt plains. Salt from 
this source is not at present utihzed, so far as known. 

^riio rock salt now worked at Lyons and Kauopolis, and supphing 
the brines at Ellsworth, Hutchinson, Sterhng, Lyons, Anthony, and 
other places, hes well bolow’^ the sm*facc. Salt in the form of brine 
also occurs in certain beds of the Permian and Pennsylvanian (‘^Coal 
measures'’) in the eastern part of the State. Rock salt is known to 
exist below the surface in the south-central part of Kansas, iiicludmg 
all of Rice and Kmgman Counties, nearly all of Reno Counts'', and 
parts of Saline, EUswnrth, Barton, McPherson, Stafford, Harvey, 
Pratt, Sedgwick, Barber, Plarper, and Suimxer Counties. 

^rhe ro(‘k-salt beds of Kansas lie in rocks of Pemiian age, that form 
the Marion formation. These thin to the eastward beyond Welling¬ 
ton and Little River and die out, possibly without coming near the 
surface. The salt springs at Geuda Springs, Sumner County, are 
thought to have their origin in these salt beds. How far the salt and 
associated beds extend westward is not knowm. To the north and 
south the beds are fairly well kno5vn tlu-ough drill records, from 
Kanopolis, Ellsworth County, on the north, to Anthony, Harper 
Connty, on the south; that is, nearly to the Kaixsas-Oklahoma State 
line. The beds thin northward. At Anthony they are 404 feet 


a Stose, O. W., work quoted, p. 252. 







20 


TEC a i; OLOGY OF SALT MAKIKG. 


xiiick (depth 946 to 1,850 feet); at Kingman, 415 feet thick (depth 
G65 to l.OSO feet), at Hutchinson, 380 feet thick (depth 430 to 810 
IVet'i; at Lyons they are 275 feet thick (depth 793 to 1,068feet); and 
at Kanopolis about 250 feet thick (depth 630 to 880 feet). If they 
maintained tins rate of thinning from Hutchinson northward, the 
sdt-bearing beds \vould disappear before reaching the Nebraska line. 
TMiere more than one record is obtainable at a given place, for 
example, Hutcliinson, the exact tliickness of the salt-bearing beds 
and the depth to the topmost bed vary somewhat and may vary 
considerably from the figures given The records of the wells at 
Kanopolis, Lyons, Hutcliinson, Kingman, and Anthony contain no 
reference to appreciable quantities of gypsum below the salt. 

LOUISIANA. 

RBL^-TIVE IMPORTANCE OF LOUISIANA SALT PRODUCTION. 

Louisiana, in 1915, ranked fifth in the quantity but sixth in the 
value of the salt produced. The output in this State is rock salt. 

SITUATION OF DEPOSITS. 

Although salt occurs in two distinct parts of the State, namely, the 
north central and northern part, and the southern part, the more 
important knowm deposits and those worked at present are in the 
southern part of the State close to the Gulf coast. 

SALINES OF NORTHERN LOUISIANA. 

In the northern part of Louisiana, in the valley of Sabine River, 
salt springs are known at Negrect, about 1.5 miles above the mouth 
of Bayou Negrect in Sabine Parish, in the SW. J sec. 24, T. 5 N., 
R. 13 W.; at Stone Coal Bluff Saline, in sec. 33, T. 6 N., R. 13 W.; 
near Many on the road from Marthaville to Many near Rock Springs 
Church in the NE. \ sec. 24, T, 8 N., R. 11 W. 

In the valley of Red River are situated the following* Bayou Castor 
Saline, 5 miles north of Rochelle or about 4 miles above the mouth of 
Hugdemona River; Catahoula Salt Springs, on Catahoula Lake; 
Browns Saline, 6 miles west of Tullos or 18 miles southeast of Winn- 
field on Dugdemona River, near Georgetown at Rochelle, Tullos, and 
Selma; northwest of Winnfield, Wmn Parish, at Cedar Bayou Saline 
and at Coochie Dome. ' 

Important salines, from which much evaporated salt was obtained 
during the Civil War and earlier, were known as Drake’s, Price’s, 
Rayhum s, and King’s, after the names of their respective owners or 
manager. Bistineau Saline, the largest saline in northern Louisi¬ 
ana, was situated in Lake Bistineau, in secs. 25, 26, 35, and 36 T. 
18 N,, R. 10 W. 
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A full account of tlie more important salines of northern Louisiana 
is given by Veatch. ® 

SALINES OP SOUTHERN LOUISIANA. 

The most important salt deposits of the State are on the Five 
Islands, or Salt Islands as they are sometimes called, namely, Petite 
Anse, Grande C6to, Belle Isle, C6te Blanche, and C6te Carline. On 
Averys Island (Petite Anse) and Weeks Island (Grande C6te), rock 
salt is now being mined on an extensive scale. 

Other locahties in southern Louisiana where the geologic conditions 
are similar to those on the Five Islands and where rock salt or salt 
water, indicating the possible presence of rock salt, has been found 
in deep drillings, are Anse la Butte, Prairie Mamon, Welsh, Chicot, 
Vinton, and Hackberry. 

Rock salt is mined on Grande C6te (Weeks Island) and Petite 
Anse (Averys Island). 

GRANDE COTE (WEEKS ISLAND). 

SITUATION. 

Grande C6te is situated on the east shore of Weeks Bay, an east¬ 
ern lobe of Vermilion Bay, in Iberia Parish, and can be reached by 
the Cyprcmort branch, from Baldwin, of the Southern Pacific Rail¬ 
road. Grande C6te is the largest of the Five Islands, which have been 
described by Veatch,^ though it is barely 2 miles in diameter. 

The geology of the beds at the two localities producing salt is 
described below in some detail, because the occurrence of the salt and 
the associated gypsum and sulphur is quite different from that of 
the salt mined elsewhere in the United States. The description below 
may be considered typical of deposits in most other parts of the Gulf 
coastal plain of Louisiana and Texas. Puller discussions of the 
geology and hypotheses of origin can be found in Bulletin 669 of the 
United States Geological Survey.^ 

OCCURRENCE OP SALT. 

At Weeks Island a great mass of rock salt has formed or is form¬ 
ing beneath the superficial beds of unconsolidated sands, clays, and 
gravels. The topography is not rugged and there are few outcrops. 
The uppermost bed on the island is a yellow loamy clay, which is 
exposed in a few places. 


<0 Veatch, A. C., The salines of north Louisiana: Louisiana Geol. Survey Kept., pt. 6,1902, pp. 47-100. 
6 Veatch, A C , The Five Islands: Louisiana Geol. Survey Rept. for 1899, pt. 5, pp, 231-237; Geology 
and agriculture, Louisiana Geol. Survey, Special Kept. No. 3,1899, p 209 et seq. 

cPhalen, W. 0., Salt Resources of the United States. U S. Geol Survey BuU. 669. In course of pub- 
jhcation. 


98088°—17-^BuU. 146-3 
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The records of 44 wells in different parts of the island begin in 
clay that is 40 to 60 feet thick. Below the clay are sands, ferruginous 
in plaei‘s, sand containing chert pebbles, and gray sandy clays, tilted 
at various angles and striking in different directions. The records 
show gravel and sand layers that are several hundred feet thick in 
places. The salt is usually, though not everywhere, overlain with 
a few feet of clay, for some of the wells show layers of lignite just 
above the salt. 

The salt mass of the island comes closest to surface near the mme, 
slopes abruptly south and west, less abruptly east, and slightly north¬ 
ward. It occupies the west side of the island and appears to extend 
a little west of the main ridge. Its form is that of an elongated dome 
with the north-south diameter longer than the other. The upper 
surface of the salt mass is known to be irregular and to bear little 
relation to the surface irregularities of the island. The general shape 
of the salt mass is regarded by Harris® as having been formed some¬ 
what as it is at present and not to be due mainly to erosion or sub¬ 
terranean solution. 


PETITE ANSE (AVERTS ISLAISTD). 

SITUATION 

Petite Anso or Averys Island is situated in Iberia Parish about 
10 miles south-southwest of Now Iberia, in T. 13 S., K. 5 E. and 6 E., 
Louisiana prime meridian. 


OCCURRENCE OF SALT. 


\eatcli End otli6rs Iievo described the geology of Petite Anse in 
conaderable detail.® According to Harris,' the details given in the 
earlier descriptions “ are of no sonous moment in the interpretation 
of the geology of this and the other salt islands. All bods here seen 
are admittedly of Quaternary age; none containing anytbng that 
can not be referred to inter or post glacial times.” 

A brownish-yellow loamy soil forms the greater part of the surface. 
Exposures of gravel are commoner than on the other islands, but seem 
to be confined chiefly to the southern end of the island. In the 
northern part are numerous outcrops of a variegated chocolato- 
yellow or green jointed clay. A bed of hgmte was found at the 
head of Iron Mine Run Hollow, and vertebrate remains of Pleisto- 
cene (according to Veatch) mammalia have been found. 


® Harris, G. D., Rook salt: Louisiana Geol, Survey Rept. for 1907 Bull 7 ions a_Q 

, G, n., Rock salt: Louisiana Geol. Survey Rept. for 1907, Bull. 7, 1908, pp. 14 « 17 . 
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The records of two wells on the island are given below: 


Section of well mar sugar house, Petite Ansr, La 


Material. Thickness, 

leet. 

Superfic ial detritus. o30 

Rock salt.2. 2(J3 

Blue gas sand. 70 

Salt. (jij 


Depth, 

feet 

2 , 51)3 

2 am 

2 729 


Section of well at pumping station, Petite Arise, La. 


Material a Thickness, Depth, 

feet. feet. 

Yellowish clay. 500 . 

Gravel. 200 700 

Giayish sand. 2,112 2 612 


The upper surface of the salt mass is irregular, as on Weeks Island, 
and in a few places rises shghtly above sea level. Consec^uently the 
rock salt lies higher than on Grande Cofce or at any other point in 
the State. Brine springs, well known long before rock salt was 
actually discovered, attest the elevation of the salt. 


TEXAS. 


SITUATION OP SALT-PRODUCING AREAS. 

Salt in Texas in recent years has come chiefly from Palestine, 
Anderson County, and Grand Saline, Van Zandt County, in the 
eastern part of the State. Colorado, Mitchell County, in the western 
part of the State, was formerly a salt-producing center, but only 
solar salt now comes from there. The industry of large commercial 
importance is confined chiefly to the manufacture of evaporated salt, 
but the salt formed naturally by solar evaporation, in the playas of 
the western and the lagoons of the southwestern part of the State, 
is used locally. 

Rock salt has been found at the following localities in southeast¬ 
ern Texas, all witlun the area mapped Pleistocene and Recent by 
Deussen: ^ Spindletop, Jefferson County; Sour Lake, Hardin County; 
High Island, Galveston Coxmty; Damon Mound, Brazoria County; 
and Dayton Hill, Liberty County; and there is a single mention of 
salt m drilling at Batson, Hardin County.® According to the drillers, 
12 feet of salt were foxmd in a weU northeast of the center of the 
Batson field at a depth of 1,007 feet, or 130 feet above the oil rock. 
In the absence of other mention of salt in this field, this record can 
not be accepted without reserve. According to Harris,^ streaks of 

a Gravel bed at about 1,600 feet No salt or water found by tbe well, 

b Duessen, A , Geology and underground waters of tbe soutboastern part of the Texas Coastal Plain: 
tr, S. Geol Survey Water Supply Paper 335,1914, PI I, see also Penneman, N. M, Oil fields of the Texas- 
Louisiana Gulf Coastal Plain: U S. Geol Survey Bull. 282, 1906, p. 9. 

c Fenneman, N. M., work quoted, p. 53. 

dHarris, G* D., Rock salt: Louisiana Geol. Survey Rept for 1907, Bull. 7, 1908, p. 47. 
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LogofBif1iardi.on well, Gremd Saline, Van Zandt County, Ter —Continued. 


Thickness, 

Material penetrated. ^ 

Blue gray merging into bluish-black dirt with pyrite and 

1_ . . 48 

Depth, 

feet. 

83 


. 3 

86 


. 17 

103 


. 20 

123 

l>iue Cia\ vviin p^xiLtr. . 

. 

. 9 

132 


. 5 

137 


. 12 

149 


. 14 

163 


. 25 

188 

A ^ __ 

. 3.5 

191.5 


. 2.5 

194 

Alternate strata oi salt and limestone . 

Unr*!’ flnlt . 

. 18 

.. . .300 

212 

512 

Tlln smnd _ 

. 2 

514 

Blaek sand with water, not penetrated. 

. 6 

520 


PALESTINE 

Palestine, the county seat of Anderson County, is situated in the 
south central part of the county on the International and Great 
Northern, and on the Texas State Eailroads. It is in the far eastern 
part of the State and is about equidistant from Ked Kiver, the north 
line of the State, and the Gulf coast. 

West of the town the land slopes toward Trinity Eiver, and 6 miles 
to the southwest of the town is the saline itself, which occupies a flat 
measuring about 1 mile by half a mile. Around the edge of the flat 
incrustations of salt are obserwable. The surface soil is a dark or 
lead-colored clay, as at Grand Saline. 

STEEN SALINE. 

The Steen Saline is situated in the northern part of Smith County, 
5 miles east of Lindale and 14 miles north of Tyler, on Saline Creek, 
just north of the forks. The saline proper is a small prairie 1 or 2 
miles in length and one-half to three-fourths of a mile wide. *11x6 
surface of the saline is covered with salt incrustations and is com¬ 
posed of black or grayish-black clays. 

Large quantities of salt were made at this saline during the Civil 
War by digging shallow weUs and evaporating the brine in huge 
kettles and boilers. According to report, as many as 20 furnaces 
wore run at times, turning out 12,000 sacks (size unknown) of salt 
daily. It took 190 gallons of water to make 1 bushel of salt.® 

BROOKS SALINE 

The Brooks Saline is situated in the southwestern part of Smith 
County, about 17 miles southwest of Tyler. It is about 2J miles 

Q Buckley, S, B., Bepott of assistant State geologist: Texas Geol. and Agn. Survey First Ann. Rept., 
1874, p. 126. 
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long and one-half to tLLree-quartei*s of a mile wide. Its surface 
consists of Uue and black clays, and aromid its edges is a yellow 
laminated clay. 

OCCUERENCBS OF SALT IN WESTERN TEXAS- 


SA.LT BASIK OP TEANS-PECOS EEGIOX, 


One of the salt basins of western Texas, knowm as Salt Basin, 
has been described by Kichardson.® It is situated in the Trans- 
Pecos region, and the part studied lies north of the Texas Pacific 
Railroad in El Paso, but near Culberson County. It is west of the 
Guadalupe-Delaware Mountains and east of the Sierra Diablo. 
The basin, winch trends northwest and southeast, has a total length 
of 150 miles, and the area described by Richardson includes 70 miles 
of this hnear extent. The area studied is S to 20 nnles wide, with an 
average width of 15 miles, and constitutes a typical inclosed basin. 

The salt deposit is on the west side of the basin, about 15 miles 
southwest of El Capitan Peak and slightly more than 50 miles north 
of Van Horn. It occupies a shght depression, being one of several 
‘‘salt lakes'^ in this part of the basin. The layer of salt that covers 
the surface is said to attain in places a thickness of 4 to 6 inches, but 
the measurements made by Richardson showed only 1 inch of com¬ 
mercially valuable salt. The salt is grayish wlute, coarsely cr^-^stal- 
line to granular, and deliquescent. Wind-blown impurities occa¬ 
sionally cover its sm'face. During the dusty dry season the salt 
becomes impure, but after a rain, and especially in localities where 
the surface salt has been recently removed, beautiful hopper-shaped 
crystals are formed. Analyses ^ of these salt crystals and of a 
typical specimen of salt from the basm are given in the following 
table: 

Analyses of salt from Salt Basin, El Paso County, Tei 


[S H Worrell, analyst.] 


Constituent. 

Chlorine (01). 

Sodium (Na). 

Calcium (Ca). 

Magnesium (Mg). 

Sulphate radicle (SO4).. 

Potassium (K). 

Silica (SiOg). 

Alumina (AI0O3). 

Iron (Pe). 

Water. 


Hopper- 

Typical speci¬ 

shaped 

men of salt 

crystals 

deposit. 

59 5 

59.0 

38.6 

38 3 

.1 

Trace. 

. 2 

Trace. 

1 2 

1.0 


.0 

.6 

.6 

Trace. 


100 6 99 5 


a Richardson, G B , Salt, gypsum, and petroleum in Trans-Pecos, Texas: U, S. Geol. Survey Bull. 260, 
1905, pp 373-585. 

5 Richardson, G. B , work quoted, pp. 679-580. 
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COLORADO crry 

Salt is obtained by evaporation at Colorado City, Mitobell County, 
in the western part of the State. Where the Pennsylvaiuan and 
Permian beds are developed in this region numerous salt springs and 
wells are found. At Colorado City rock salt was found at a depth 
of 850 feet in drilling for water, and 140 feet of rock salt was passed 
through in the next 250 feet. The water in the wells rose to within 
about 150 feet of the surface and could not be exhausted by pmnping. 
There has been little or no change in the character of the water 
since the operatmg company began work. The wells are cased to 
the first bed of rock salt at 850 feet. Fresh water was found above 
and below the beds of salt. 

OTHER OCCURRENCES OP SALT. 

During the past few years several wells have been drilled in the 
northwestern part of Texas in what is sometimes termed the Pan- 
Handle. The presence of much salt, gypsum or anhydrite, and in a 
few wells, small quantities of potash salts, has been revealed. The 
names and locations of some of the wells drilled are as follows: 

S. M. Swenson & Sons well, Spur, Dickens County. 

Glenario well, Glenario, Deaf Snaith County. 

Adrian Oil <fe Gas Co well, near Adrian, Oldham County. 

Adrian Townsite Co well, near Adrian, Oldham County. 

Boden well, Potter County. 

Miller Ranch well, Randall County. 

McLean well, Gray County. 

Four wells in or near Childress, Childress County. 

Post City well, Garza County. 

Justicebiug well, Garza County. 

Snyder weU, Scurry County 

Scoggin well, near west boundary of Kent County. 

Upland well, Upton County 

Buena Vista well, Pecos County 

Deep well, northwest of Toyah, Reeves County. 

In the north and west central parts of Texas, for example at 
Graham, Young County, salt has been obtained from shallow wells. 
The wells at Gordon, and other places in Palo Pinto County, the 
flowing well near Waldrip, McCulloch County, and those near San 
Angelo, Tom Green County, yield salty water. Along the south¬ 
western coast, lagoons or salt lakes have yielded and can still yield a 
large yearly production of salt. 

OKLAHOMA. 

RELATIVE IMPORTANCE OF SALT INDUSTRY. 

The salt industry in Oklahoma is of local importance only. During 
the past few years salt in the State has been produced on a small 
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scale near Ferguson, Blaine County, in the "western part of the State, 
and near Salton and Vinson, Harmon County, in the extreme south¬ 
western part. 

SALT PLAINS. 

SITUATION. 

Salt-water wells and springs occur in eastern and western Okla¬ 
homa. In the eastern part of the State most of the'water is only a 
httle salty; in the western part the water is so salt in places that the 
terms ^^salt springs’’ or '^salt plains’’ are in common usage. 

The regions where the springs are situated are known as salt plains 
generally, and according to a recent report of the Oklahoma geologi¬ 
cal survey, 10 of these are well known, situated as follows: Two 
along the Cimarron Eiver between Woods, Woodward, and Harper 
Counties; 2 in northwestern Harmon County; 1 each in ^UfaKa, 
Blame, and Beckham Counties; and S on Sand}’ Creek, south of 
Eldorado, Jackson County. A geological progress map'^ of the State 
shows the surficial rocks in these regions as belonging in the Penman. 
xHthough aU the salt springs of western Oklahoma issue from and 
probably originate in the ^^Red Beds,” they do not all issue from.the 
same geologic horizon. 

OBECMON. 

No salt has been prepared in Oregon m recent years, but it is said 
to have been prepared from brine from springs in Willamette and 
Umpqua Valleys, as well as from brine from other places.^ Springs 
in Jackson County are also reported to have produced salt. Beds of 
rock salt have been reported near the base of Mount Jefferson, in 
Cascade Range. AlkaH, Abert, and Summer Lakes contain salt in 
conjunction with other salines like soda and potash salts, and work 
for soda has been conducted in a small way around Alkali Lake. 

IDAHO AND WYOMING. 

Salt has been produced in Bannock and Bear Lake Counties, Idaho, 
in recent years. In recent years the industry has been confined 
to the vicinity of Stump Creek and Tygee Valley, Bannock Coxmty, 
southeastern Idaho. The headquarters of most of the operators 
have been at Auburn, Wyo, The salt industry in this part of Idaho 
is of slight importance, a considerable part of the production being 
cattle salt. The salt has been obtained from brine springs, but beds 
of rock salt occur below the springs. 


a OJdohonu Geol. Survey Bull 5,1911 

b Brown, J, R , Resources of the. Pacific Slope, San Francisco, 1869, pp 255-256. 
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NEVADA. 

EELATIVE IMPOBTANOE OP NEVADA SALT INDUSTRY. 

The salt industry m Nevada has never been of more than local 
importance. Scattered salt deposits have been worked from time to 
time to supply local demand, but most of the enterprises yet started 
have been on a small scale and have been operated only spasmodically. 

During recent years salt has come from Sand Springs, White Plains, 
and Parian, Churchill County; from the Silver Springs playa, 
Esmeralda County; and from the Buifalo Salt Works, Sheepshead, 
Washoe County. Most of the salt is obtained by solar evaporation, 
and the liner grades hke table and dairy salt and common fine salt 
are prepared from the solar product by dilforont refining processes. 
Other known deposits are at Dixie Salt Marsh, Churchill County; 
Raihoad Valley, Nyo County; and west of Diamond Range, in Eureka 
and Elko Counties. Deposits of present or prospective importance 
are situated along Virgin River in the southeastern part of the State. 
In facti numerous saline valleys are widely distributed in that part 
of Nevada included within the Great Basin. 

NEW MEXICO. 

RELATIVE IMPORTANCE OF SALT OUTPUT. 

Though the commercial output of salt in New Mexico is and has 
been small, there is no scarcity of salt. The sahne or s?lt-bearing 
lakes of this State are to be considered among its important future 
resources, and though httle or no salt is exported, a considerable 
quantity of the crude product is used for salting stock. The salt thus 
used is gathered usually by scraping up the deposit formed about 
salt sprmgs or as a thm layer on the surface of the salines or playas 
during the dry season. The principal lake basin deposits are those 
in Estancia Valley. 

SITUATION OF DEPOSITS. 

A small production of salt has been reported in recent years from 
Estancia, Torrance County. The salt basin is in the central part of 
the comty, near the geographic center of the State. Salt is also 
found in flats among the gypsum ridges in what are known as the 
White Sand Plains of the Tularosa Basin, in parts of Dona Ana, 
Socorro, and Otero Coimties. 

The Zxini salt deposits of New Mexico are in. the northwestern part 
of Socorro County, about 80 miles south of GaUup, on the main line 
of the Santa Fe Railroad and about the same distance west of Mag¬ 
dalena, on a branch line of the same system. The deposits have 
supplied Indians and Mexicans for centuries, and at present the salt 
is hauled to surrounding ranches. A small colony of Mexicans col¬ 
lect the product in a crude manner. 
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There are many salt springs in New Mexico, hut no salt is obtained 
from them except for limited local use. One large spring is on Rio 
Salada, 30 miles northwest of Albuquerque, another is 20 miles west 
of Belen, and a third is at the end of Malpais in Tularosa Valley, 4S 
miles northwest of Alamogordo. There are scores of smaller springs 
in the State. 

The Red Beds, which underlie the Pecos Valley and Staked Plains 
in Eddy, Chaves, and Roosevelt Counties, contain many* thick and 
extensive beds of salt, but ai*e far beneath the surface. Information 
regarding them is derived from records of scattered borings for water 
or oil. These salt deposits are 300 to 500 feet thick, in heavy beds 
separated by layers of clay or sand, and in part of the area they lie 
oidy a few hundred feet below the surface. The 2,6O0“foot boring 
at Carlsbad in this area penetrated many thick salt beds, and they 
have been reached by borings east of Artesia and Roswell, as well as 
by numerous deep holes in the Staked Plains region in western Texas, 
some of them not far east of the New Mexico line. 

ABIZOKTA. 

No salt is produced at present on a commercial scale in Arizona. 
Common salt, as well as other chemically precipitated salts, has been 
deposited from the river water in the valley of Salt River with clastic 
segments; and, though the salt does not form deposits geologically 
important, it is of great importance from its effect on the river water. 
The salt is thought to come from large salt springs in the upper 
reaches of the river. The water from these springs has been described 
as a weak brine. 

The salt deposits in Virgin River Valley have been mentioned 
under Nevada. Blake® refers to rock salt disseminated in the beds 
in the valley of Verde River, Yavapai County, in the south-central 
part of the State. 

UTAH. 

RELATIVE IMPORTANCE OP UTAH SALT INDUSTRT. 

The nonmetalhc mineral resources of Utah, like those of other 
western States, are still so comparatively xmexplored that descrip¬ 
tions of almost any such deposits are necessarily incomplete. This 
holds true of saline deposits, particularly those of rock salt and under¬ 
ground brine, and in addition to those named below many others will 
doubtless be found. 

The main salt industry in Utah is on the east shore of Great Salt 
Lake, at Saltair, not far from Salt Lake City, and is important and 
flourishing. Some salt is produced also at Garfield. All the salt 
now and heretofore made along the lake shore is from solar evapora¬ 
tion of the water of the lake. 


a Blake, W- P., Mineralogical notes Am. Jour Sci , 3d ser , vol. 39, p, 44, 1890. 
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SALT-PRODXrOING LOCALITIES. 

The most important occurrences of salt in the State are as brine 
in the tpaters of Great Salt Lake; as rock salt in Sevier Valley, near 
Salina, Kedmond, and Gunnison, both in Sevier and Sanpete Coun¬ 
ties; east of Nephi, Juab County, where brine also is found; near 
Clear m the eastern part of Millard County; and Salt Lake 
Desert, Tooele County. Salt is being or has been produced at aU the 
localities mentioned. Two mines near Redmond are shown in 
Plate I. 

GREAT SALT LAKE 

Production has from time to time been reported from along the 
shores of Great Salt Lake, in Boxelder, Weber, Davis, and Salt Lake 
Counties, hut with the exception of the works of the Inland Crystal 
Salt Co., at Saltair, on the shore of the lake 15 miles west of Salt 
Lake City, the operations are small and are carried on somewhat 
sporadically. Small amounts of salt are reported to have been 
gathered recently at Promontory Point, Boxelder County; at Withee, 
Weber County, 15 miles west of Ogden; at Syracuse, Davis County; 
and at Garfield, Salt Lake County. The evaporation processes 
employed along the lake shore to make salt are generally similar. 
The methods of the Inland Crystal Salt Co. are typical, as the opera¬ 
tions at the plant of that company are by far the most elaborate. 

Among other salt deposits in Utah that have come to the attention 
of the writer are those at Little Salt Lake, Iron County, and south of 
Beaver in Beaver County; and the salt marshes in Snake Valley in 
the western part of Millard County. 

CALIFORNIA. 

RELATIVE IMPORTANCE OF SALT PROnTTOTION. 

California ranked sixth among the States in quantity and fifth in 
value of the salt produced in 1915. The State has had this same 
relative rank during the past three years. 

GENERAL OCCURRENCE OF SALT. 

Salt occurs in California in practically every known form. In 
solution it is found in the brines of salt springs, salt lakes or marshes, 
and saline streams, of which certain tributaries of Salinas Kiver, in 
San Luis Obispo County, are examples. In Inyo, San Bemardhio, 
and other counties m the Great Basin many springs and streams are 
slightly br^kish or salty. Many of the so-called alkaline or salt 
lakes contain water only during certain seasons of the year. During 
dry se^ons they are covered with a crust of salt, which in many 
places is several inches thick. The Great Basin region contains many 
marshes, playas, or lakes, where salt may be collected by simply 
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scraping the crust. In addition to the rock salt resulting from the 
evaporation of saline solutions, salt undoubtedly will be found either 
disseminated or in segregated ^beds or masses buried in Quaternary 
lake deposits. Such deposits have origmated in intermittent periods 
of desiccation. Kock salt occurs in a few deposits in the earlier lake 
beds, of which that on the north side of the Avawatz Moxmtains is a 
splendid example, 

PRODUCTION OE SALT FROM SEA WATER. 

More than 97 per cent of the salt made in California is from the 
solar evaporation of sea water along the coast. Most of the solar 
salt and the finer grades produced from it come from the shores of 
San Francisco Bay, in Alameda and San Mateo Counties. The head¬ 
quarters of the salt industry are at Alvarado, Newark, Mount Eden, 
EusseU, and Baumberg, formerly Arffs, in Alameda County, on the 
east shore of San Francisco Bay, and at Redwood City and San 
Mateo, in San Mateo County. In the southern part of the State 
solar salt is made at Ostend Station, near Long Beach, Los Angeles 
County, and on the San Diego Bay, San Diego County. The general 
methods of making this salt and preparing it for market are described 
on pages 40 to 49. 

One of the main reasons for the Hulk of CaUfomia salt coming from 
along the coast is that the principal centers of population are situated 
there. The market is at hand and the cost of transportation is re¬ 
duced to a minimum. Lack of a market and cost of transportation 
are the main reasons why many important deposits in the interior of 
the State have hitherto remained unworked. 

PRODUCING LOCALITIES. 

Besides the salt obtained from sea water by solar evaporation along 
the coast, salt has been made in small quantity in recent yearn at 
ioland points as follows: Tramway (Keeler post office), Inyo County; 
Ward, San Bernardino County; near Saltus (Amboy post office), San 
Bernardino County; near Cedarville, Modoc County; at Caneda, a 
few miles southwest of Eandsburg, and at Saltdale, Kem County. 

DESCRIPTION OP OCCURRENCES. 

COLUSA COUNTY. 

About 25 years ago the manufacture of salt was begun at certain 
brine springs near Sites, Colusa County, and has continued more or 
less intermittently at that locality ever since, though the latest reports 
are that no more salt is being gathered. A number of other salt 
springs are known in difiFerent parts of Colusa County. 
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INTTO COUNTY ® 

Inyo County is situated in the eastern part of California and is 
yrhoUy within the boundaries of the Great Basin. In this county are 
included Owens Lake, Death Valley, the Saline VaUey Salt Marsh, 
and the dried vaUeys of numerous other salt lakes, among which are 
Indian Wells Valley, Salt Wells Valley, and Panamint Valley. 
Though Searles Lake lies within San Bernardino County for the most 
part, for convenience it is here treated as bemg within Inyo County. 
Searles Lake, in former geologic time, formed a link in an ancient 
drainage system in which the members, beginning with the most 
elevated, were Owens Lake, Indian Wells Valley, Salt Wells Valley, 
Searles Lake, Panamint Valley, and Death Valley. 

The salts found in Owens Lake, the waters of which are a dense 
brine, include common salt, soda, borax, and potash and other salts. 
According to calculation, the waters of the lake contain 160,000,000 
short tons of anhydrous salts, a large part of which is sodium chloride. 

The most distmctive feature of the Desert Basm, which included 
formerly Searles Lake, Indian Wells Valley, and Salt Wells Valley, 
is now Searles Lake. The immense sheet of solid white salts m its 
bottom is unique in this country for the variety of its saline minerals. 
J’he salt crust occupies a roughly circular area believed to be 11 or 
12 square miles in extent. The depth of the salt, as shown by 
drillings, is fairly uniform, being reported to range from 60 feet to 
more than 100 feet, and to average 70 to 75 feet in the main part of 
the deposit. The salt deposit is in effect a consolidated mass crys¬ 
tallized from an evaporating mother liquor in which the salts arc still 
immersed. The lake is one of the most promising sources of domestic 
potash salts. 

Much saline material is accumulated on and beneath the floor of 
Death Valley. A central area of crusted salt lies in the lowest part 
of the vaUey and extends many miles north and south. Analyses of 
the saline content of the floor of the valley mdicate an approximate 
content of 95 per cent common salt. 

Salt deposits occupy the lowest part of Saline Valley, which is 
without outlet- Smooth, white salt deposits, about 1 square mile in 
areal extent, are surroxmded by broken and tilted salt crust blocks 
with sharp, craggy surface; the salt from the smooth crust in the 
lowest part of the valley contains 98.52 per cent of sodium chloride, 
indicating that it is of high grade for a natural product. 

Salt has been found at other places in Inyo County, as at Tecopa, 
Confidence Spring in South Death Valley, and in the canyon of 
Armagosa River. 

« These notes have been abstracted from a contribution by H. S. Gale' U. S. Geological Survey Bulletin 
609, previously mentioned. 
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KEEN rOUNTY 

In Kem County, Cameron Lake, Kane Lake, and Castac Lake are 
ephemeral lakes crusted with salt during the dry season. Some salt 
has been obtained from Kane Lake in recent years. 

MONO COUNTY 

Mono Lake, near the Nevada line, contains dense alkaline water. 
Sodium chloride or common salt constitutes nearly 35 per cent of tho 
total solids m the lake water. Calculations based on the area of the 
lake and its average depth indicate that it contains nearly 90,000,000 
tons of common salt, and more than 10,000,000 tons of potassium 
clilorido. 

SAN BERNARDINO COUNTY 

Saltus ,—Salt was produced as late as 1913 near Saltus Cimboy 
post office), a station on the Santa Fe Railroad m the southeastern 
part of San Bernardmo Coxmty. The salt occurs in the bottom of 
an old lake bed in the form of rock-salt layers, under approximately 
5 feet of overburden. 

Armagosa River .—^Armagosa River, for a short part of its course, 
flows through San Bernardino County, but the main part of the river 
is in Inyo County, to the northward, and within Armagosa VaUey, 
Nye County, Nev. The term ^‘riveris somewhat misleading, 
because its waters appear and disappear, being absorbed by the 
porous beds over and through which they flow. Though the river 
water is potable near its source, increasmgly large quantities of various 
salines render it bitter, as the name Armagosa C‘bitter” in Spanish) 
signifies. In the lower courses of the river in San Bernardmo Comity, 
where the water comes to the surface, these salines are deposited as 
white crusts and deposits of salt and borate min erals are formed. 
These crusts have been removed and marketed. Some of them by 
natural re-solution and recrystallization have been rendered nearly 
pure. 

Avavoatz Mountain $.—^Rock salt outcrops on the north side of tho 
Avawatz Mountains, in San Bernardino County, in a zone between 
4 and 5 miles long, and probably underlies a large area. The salt is 
a member of a saline series that in upward order consists essentially of 
celestite, gypsum, and salt, the entire saline series being underlain 
and overlam with lake beds. 

Where the salt has been worked its purity has increased with 
depth. It is massively crystalline, and is generally brownish near 
the surface from the presence of reddish-brown clay that owes its 
color to iron oxide. Some chemical analyses show the salt to be more 
than 98 per cent pure. 
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Danhj^ —Salt has boea mined 30 miles southeast of Danby, a 
station on the Santa Fe Kailroad, in the southeastern part of San 
Boniardino County, in a dry lake known as Danby Lake. Here the 
salt lies in two beds, each from a few inches to several feet thick, 
separated by a thick layer of clay and protected by a layer of sand 
and dust. The salt bed has been opened over an area of many 
acres, which forms only a small part of the deposits. 

JMave River and Sink.—The Mohave Kiver rises in the San Ber¬ 
nardino Mountains, flows north and northeast through Barstow and 
Daggett, and more nearly east to Soda Lake, the sink of Mohave 
Ri\Tr, otherwise known as Mohave Sink. The river is about 100 
miles long, and the Santa Fe and the San Pedro, Los Angeles & Salt 
Lake Radrouds follow it for miles. Except durmg flood season there 
IS httlo surface flow. The river waters are salme, and there are 
.sdme efflorescences all along their course. The water carries prin¬ 
cipally salt, sodium carbonate, and sodium sulphate, with small 
quantities of potash salts, borates, bicarbonates, silica, etc. It is 
reported that some salt has been made by diverting water from the 
surroimding hills to that part of the lake where desired. The salt is 
absorbed and the brine conveyed to vats and there evaporated. 
Only coarse salt has been marketed from the region. 

Other localities.—Other locahties in San Bernardino County where 
salt exists are (1) Bitter Springs at the southeastern end of Bitter 
Lake m T. 13 N., R. 5 E., San Bemardmo meridian; (2) Daggett; 
(3) Owl Springs, which are located in the northwestern part of the 
county, between the west end of Avawatz Mountains and the east 
flank of Owl Mountains; (4) Salt Springs, on the south fork of 
Armagosa River, at the southeast end of Death Valley; (5) in the 
vicinity of Saratoga Springs, 14 miles to the northwest of Salt Springs; 
(6) Valley Springs, about 8 miles northwest of Saratoga Springs, the 
water being so salty as to be undnnkable; (7) Willards Lake. This 
lake IS in the northwestern part of the coimty in Ts. 30 and 31 S., 
R. 42 E., Mount Diablo meridian. The beds of the lake, like those 
of most lakes in this region, are impregnated with salt, and the shore 
is marked with white crusts. 

SAN LUIS OBISPO COUNTY 

Soda or Salt Lake, in Carriso Plain, contains important deposits 
of sodium sulphate, with which small quantities of ordinary salt arc 
associated. Cansso Plain is near the northeastern boundary of San 
Bernardino County, and the lake is in T. 31S., Rs. 19 and 20 E. The 
saline deposits are estimated to cover an area of approximately 
3,000 acres. The exploitation of the deposits for sodium sulphate 
was discontinued a few years ago. 
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OTHER LOCALITIES 

Other localities in the State whore salt has been reported to be 
found 111 small quantities are as follows: 

Calaveras County. —Tliere are salt springs on the Mokelumiie River, 
6 miles south of Silver Lake. 

Contra Costa County. —^Alhambra Mineral Springs. 

Ilumholdt County. —Eureka Springs. 

Lalte County. —^.\llen Spring, Borax Lake, Lake Hachhihama, Hot 
Borate Spring, Clear Lake, Howard Spring, and Siegler Spring. 

Los Angeles County. —^According to Bailey^ there are large salt 
springs 14 miles from the city of Los Angeles, the exact location not 
bemg given. 

Modoc County. —^Near Cedarville. 

Napa County. —^Aetna Springs, Calistoga Springs, White Sulphur 
Springs. 

Placer County. —Salt Springs are reported near the Clipper Cap 
Iron Tsiiiie. 

San Benito County .—^Anderson^s Springs. 

Santa> Clara County. —Pacific Congress Springs, Alum Spring, 
Azule Spring, Blodgett Spring, near Gilroy, New Alamaden Spring. 

Shasta County. —Salt was made at one time on Salt or Stmkmg 
Creek, 12 miles east of Eeddmg. 

Siskiyou County. —Strong brine is reported to flow from a well, 
675 feet deep, near Yrcka. 

Solano County. —Tolenas Springs. 

Sonoina< County. —Santa Rosa Spring, Skagg^s Springs, White 
Sulphur Spring. 

Tehama County. —^Tuscan Springs, Little Salt Creek. 

o Doubtless tills list will now be found incomplete, and the author will welcome commumcations that 
will add to its accuracy. 

& Bailey, G. E , The saline deposits of Califorma* Cal. State Mm. Bureau Bull, 24, May, 1902, p. 136. 

SSOSS'^—lT—Bull. 146-4 
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CliASSinCATION. 

The processes of salt maMng in the United States are of two kinds: 
(1) The rmnnu’ of rock salt and its purification and separation into 
marketable sizes, and (2) the production of salt by oraporation from 
brines, bitterns, and other solutions containing it. The processes 
employed in the manufacture of salt by evaporation may be classified 
as follows: 

1 Solar evaporation 

2 Direct-heat evaporation: 

(а) In open kettles. 

(б) In open pans 

3 Steam evaporation 

(а) Ill jacketed kettles. 

(б) Ingrainers 

4. Vacuum-pan evaporation 

SOLAR EVAPORATION. 

WEBE PROCESS IS USED. 

In the eastern States solar evaporation is not general because of 
the climate, and is confined, so far as the writer knows, to Now York 
State. In the wostoni States, and particularly in California and Utah, 
the process is extensively used. 

SOLAR EVAPORATION AT STRAOTTSE, N. T.® 

COMMEBOIAI/ STATUS OF INDUSTET. 

The manufacture of salt by solar evaporation began in New York 
in the vicinity of Syracuse, Onondaga County, ia 1789, and the 
process is limited to Syracuse and vicinity, where it has survived 
from early days. Though only a small part of the evaporated 
salt manufactured in New York is now made by the solar process-, 
before 1880, when the beds of rock salt ia the'western part of the 
State began to be utilized, Onondaga County supplied the entire 
output of the State in rock (coarse) salt. The greater part of the 
total now returned for the county represents the salt in brine con¬ 
sumed ia the manufacture of soda. The solar salt produced is 
mainly coarse salt, and is used for practically the same purposes as 

a In the prepaxation of this section the author has made free use of the works of I’. E. Englehardt The 
manufacture of salt in the State of New York. New York State Mus. Bull 11 1893; pp 38-44 and T M. 
Chatard, Salt-making processes in the Umted iStates. U. B. Ged. Survey Seventh Ann, Kept., 1888, pp. 
497-S27, 
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rock salt- It is marketed througli the Onondaga Coarse Salt 
Association. 

The weUs are on lands once included in the Onondaga Indian 
Reservation, and until recently the State supplied the brines to 
individual plants, exacting a small tax on the product to cover costs 
of pumping and supervision. However, in 1908, the lands and wells 
were sold to the Onondaga Pipe Line Co. and the Mutual Pipe Lme 
Co. of Syracuse. This transfer definitely terminated the long con¬ 
nection of the State with salt making. 

Solar salt is made from a natural brine—^the only instance of its 
use in New York. The process, of course, is carried on only durmg 
the spring, summer, and fall months, usually from the middle of 
March to the middle of November, depending on the weather. 

The increased value of the enormous acreage covered by the plant 
and the higher charges for labor, lumber, taxes, and msurance have 
appreciably decreased the returns from solar evaporation in the 
State. 

ORIGINAI* METHOD. 

Formerly solar salt was made in shallow wooden vats or '^covers,’' 
provided with light movable roofs rurnimg on rollers. (See PL II.) 
During the evaporating season the roofs were moved to one side, but 
were replaced durmg rainy weather and at the end of the salt-making 
season. The natural brine containing 17 to 20 per cent sodium 
chloride (68® to 80® salometer) flowed successively to three sets of vats 
or “rooms’’ known, respectively, as deep rooms, hme rooms, and salt 
rooms, about two-tidrds of the space m a salt yard being given to salt 
rooms. The rooms were generally 18 feet wide and their length, or 
the length of a “string” (series) of them, depended on the length of 
the salt yard, which was often as much as 400 or 500 feet. The lime 
and salt rooms were 6 inches and the deep rooms 12 to 14 inches deep. 
The movable covers of the rooms were built in 16-foot sections, thus 
covering an area of 288 square feet. In the larger and longer yards 
the fl.oor of each salt room was 6 or 8 inches higher than that of the 
next below. The advantages of this arrangement were that the 
fresher pickle could be regularly separated by gravity from the older, 
and that after the pickle in the lowest room had been removed during 
harvesting, fresher pickle could he drawn into the room to remove 
adhering chloride of magnesium aud crystals of gj^psum from part of 
the salt. 

When the brine was fibrst pumped into the deep rooms, which 
served mainly for storage, it was usually clear, but with the escape 
of gases (mostly carbon dioxide) ferrous carbonate separated, which 
on oxidation to the hydrated feme oxide settled out as a yellow 
mud, leaving the brine again clear. The brine then flowed into the 
hme rooms, where evaporation continued until the brine became 
saturated andl salt crystals began to separate. During this process, 
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particularly near the time of complete saturation, gypsum began to 
separate. The term “lime room,” which is somewhat misleading, as 
no lime was used in the process, was probably apphed because of 
gypsmn separating in the room. The brine, then known as “pickle,” 
flowed to the salt rooms, where the salt and the remainder of the gyp¬ 
sum separated, suflBicient pickle being added from the lime room from 
time to tune to keep the salt crystals well covered. The salt crystals 
were finally gathered from the floor of the salt room after the mother 
liquor had been drawn off. 

IMPROVED METHOD. 

Great improvements have been made in the original method of 
solar evaporation, one of the greatest being the use of aprons’^ in 
place of the deep rooms and the lime roon^s, whereby the evaporating 
surface and the yield of salt per cover (288 square feet) have been 
greatly increased. The aprons are shallow wooden troughs 3 inches 
deep, 15 to 20 feet wide, and of various lengths. (See PL II.) They 
are generally erected over the deep rooms and servo as roofs as well 
as storerooms for the saturated brines of the deep rooms. They are 
built on piles or posts and are sloped 1 inch in 100 foot, so that the 
liquid in them flows toward two sets of holes provided with wooden 
plugs. One set of holes communicates with the deep rooms and the 
other with the waste drain. The brine run into the aprons often 
becomes saturated in one good drying day. It is then discharged 
into the deep room below and its place is taken by fresh brine. When 
rain is expected the plugs over the deep rooms are removed and the 
brine, flowing from the aprons, is thus saved from dilution. These 
plugs are then replaced and the other set is removed, the rain bomg 
thus allowed to flow to waste. The partly concentrated brine is 
returned to the aprons by pnmps when clear weather returns. The 
process is carried on usually from the middle of March to the middlo 
of November, the exact period depending on the weather. 

The biino is thus concentrated and purified while it Is being trans¬ 
ported to the “covers."' The great length and width of the aprons, 
the shallowness of the brine, and its complete exposure to the sun, 
air, and wind greatly facilitate purification and evaporation; also they 
permit the use of the entire number of “covers’" for salt making, 
instead of one-third of the total cover area being occupied by lime 
rooms and deep rooms. This improvement greatly increased the 
production of solar salt per cover and, as considerable capital is in¬ 
vested in covers, the economy of the process is obvious. 

KEOOVERT OF SEA SALT IN CALIFORNIA. 

PRODUCTION CENTERS. 

More than 97 per cent of the output of salt in California originates 
from the solar evaporation of sea water along the coast. The largest 
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plants are along the east and west shores of San Francisco Bay, in 
Alameda and San Mateo Counties, respectively. In Alameda County 
the centers of production are near Alvarado, Motmt Edai, Eussell, 
Baumberg (formerly Arffs), and Newark; in San Mateo County solar 
salt is produced a short distance south of San Mateo, near Eedwood 
City. Other solar plants are at Ostend Station, near Long Beach, Los 
Angeles County, and on San Diego Bay, San Di^o County. At all 
these places the operations are conducted in somewhat similar manner, 
although differing considerably in details. Also the nomenclature of 
the processes varies somewhat. The following general description 
of the processes is based on observations at representative plants in 
different localities. 

SALT-MAKING SEASON. 


The concentration of the water in San Francisco Bay varies with 
the season of the year and other factors. The water of the bay is 
diluted somewhat by fresh water from San Joaquin and Sacramento 
Rivers, the dilution being increased after winters of heavy snow, 
which does not completely melt until summer is well advanced. 
Brine is taken into the salt ponds around San Francisco Bay from 
the middle of May to the middle of October, but the strongest brines 
are obtained after the 1st of July, as the dry season lengthens and the 
inflow of fresh water from the rivers appreciably declines. Generally 
the salt-making season is over by September 15, as the dry season 
lasts usually from May to September. However, a season as long as 
210 days without rain has been known along San Francisco Bay, 

The mean average date when crystallization of salt began around 
San Francisco Bay was May 1 in 1908, May 13 in 1909, May 3 in 1910, 
May 25 in 1911, and April 18 in 1912. The early date in 1912 was 
because of few late rains that year. Records are closed, that is, 
evaporation readings are stopped, November 1, after which the days 
are so short, the water is so cold, and the weather so uncertain that 
there is practically no evaporation. 

Durmg the summer season of 1911, which may be taken for pur¬ 
poses of illustration, the evaporation and rainfall observed at one 
plant were as follows: 


Rainfall arul evaporation, in inches, season of 1911, San Francisco Bay, Cat 


Mouth. 


April. 

May. 

June. 

July. 

August-.-. 

September. 

October... 


Bamfall 

Evapora¬ 

tion 

Inches. 

Inches. 

1.3(5 

3.38 

l.M 

5.31 

.67 

6.62 

-00 

7.81 

.00 

7,81 

.00 

4.94 

.77 

2.94 
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The water from the bay or ocean is not taken into the works con¬ 
tinuously but during two to six days a month, when the tides are 
liighest, usually at the period of new moon. During high tide water 
is run into the ponds one and one-half to three hours. At some 
plants where a slough® runs through the intake pond salt water may 
be taken hh at any time or eyery day. Thus at Long Beach the sea 
water runs into a ditch at every high tide; that is, twice a day. Salt 
water may therefore be pumped continuously from this ditch into 
the plant. 

The salt-making season is naturally longer in southern Cahfomia 
than near San Francisco. At San Diego it lasts about seven months, 
from May to November, and salt water also may be taken in con¬ 
tinuously by draining the tide ponds, into which sea water enters 
durmg every tide above a given height. 

STRENGTH OP BRINE. 

The average density of sea water is 1.027, corresponding to a 
salinity of 3.72 per cent regarded as pure salt. Three samples of 
bay water collected as they ran into plants on the shores of San 
Francisco Bay and on San Diego Bay gave results as follows: 


Density and salinity of sea water used in salt maUng, Calif oinia 


Source 

Date of 
collec¬ 
tion 

Density. 

Specific 

gravity.a 

Percent¬ 
age of 
saltt 

San Francisco Bay at Mount Eden. 

1912 
Oct. 5 

8 

17 

® 

3 53 
3.12 

4 10 

1.025 

1 022 
1.029 
1.027 

3 44 
3 34 
4.00 
3.72 

San Francisco Bay at Alvarado. 

San Diego Bay. 

Seawater. 


a Specific gravities were taken at 22® C, but are referred to water at 15® C 
6 Assumed to be pure NaCl, which is not exactly correct. 


The normal salt water entering the salt plants along San Francisco 
Bay is less strongly concentrated than ordinary sea water, whereas 
the bay water neax San Diego is more strongly saturated. The dif¬ 
ference in density between waters from San Francisco Bay and those 
from San Diego Bay is caused partly by the fact that farther south 
the warm dry season lasts muoh longer and consequently evapora¬ 
tion is more intense, and partly by the fact that streams of fresh 
water flow into San !^anoisco Bay. 

SALT PONDS 

Salt is made in ponds which are designated according to the opera¬ 
tions talmg place m them; thus there are the storage, intake, receiv¬ 
ing, or tide ponds into which the salt water is received from the bay, 
the concentrating po nds, and the crystallizing ponds (Pis. Ill, IV^ 

oTlie t«m slougu la appUwl to an artjfleial oanal, diteH, ehamwa, or mist 
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and V). All ponds between the tide ponds and the crystallizing 
ponds are called secondary ponds by some operators; teclimcally 
they may be termed pickling ponds. The term lime ponds is some¬ 
times apphed to those in which the bulk of the gypsum cr^^stalhzes. 

The sea water enters the works, generally through a slough, mto 
the intake, recelying, storage, or tide pond, which is provided with 
large flood gates that automatically open when the water can run in 
and close as the tide ebbs. In the intake pond the salt water 
remains and evaporates a variable length of time before the next 
salt water is taken m, and goes through the different ponds, grad¬ 
ually getting more concentrated, until it finally reaches the crystal- 
hzing ponds. It is rim into these to a depth of about 6 inches when 
it has reached a strength of about 25° B., or when crystals of salt 
have begun to form. At some plants when the pickle in the salt 
ponds has reached a strength of 29° B., the bittern with some salt 
still in it is run into other ponds, where it evaporates uiitd a concen¬ 
tration of 32°B. is reached. As it is generally beheved that all the salt 
is then out of the mother hquor, it is allowed to go to waste, but m 
view of its composition as given on pp. 47 and 48, recovery of mag¬ 
nesia and potash salts ought seemingly to be profitable if undertaken 
on a comprehensive scale. At some plants part of the mother hquor 
is utilized, as will be seen by referring to p. 46, and indications are 
that the future wiU see a general utihzation of what for years has been 
a waste product. 


Specific graoity of bitterns from crystallizing ponds of Califomia. 


Locauty i 

Specific 
gravity a 

Oliver plant, Kount Eden. 

Leslie Salt Co., San Mateo.. 

California Salt Co , Alvarado. 

Lonj^Beach Salt Co, Long Beach.... 

Western Salt Co., San Diego Bay -. - 

... 



- . 

. 

32 50 

29.60 

27 21 

28 00 
28 60 

27.60 

1.288 

1,256 

1.231 

1.239 

1-245 

1.234 


®Specific gra\xties were determmed at 22* C. by R K. Bailey with a Westphal balance, but they are 
referred to water at 15* C. 


Pond area is one of the dominant features of the industry. The 
total acreage of ponds at a few plants is as small as 500 acres, but at 
others it is reported to be more than 2,000 acres. The ratio of the 
area of crystallizing ponds to that of the whole system at two large 
plants IS 1 to 10, The older works have more ground available for 
crystallizing beds because the ground becomes more thoroughly 
salted and consequently harder and less pervious with continued use. 

The ponds have mud floors and are separated from one another by 
low embankments or dikes that differ greatly in width and height. 
The dikes may be as much as 3 feet above the level of the marsh and 
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1 or 2 feet above the level of the bnno. Some axe very narrow, but 
others, especially some of the outside dikes, axe so wide and well 
built that they serve as roadways. Low narrow dikes are not con¬ 
sidered good by all the salt makers, as they require frequent repair to 
meet the constant wash of the waves. However, if the levees axe 
too high they may hinder the evaporating action of the wind, but 
there is not much wind at San Diego. The dikes between the ponds 
were formerly flanked with sod, but this practice is being abandoned. 

METHODS OF PUMPING. 

The brine around San Francisco Bay is raised partly by Arcbime- 
dean screws propelled by windmills (PL VI) and partly by paddle 
wheeb, some plants having as many as 40 -windmills. Some plants 
use gasolme engines as auxiliary power, especially in the faU after the 
trade winds die down and in August when the trade -winds slacken 
or blow intermittently. Electric power is also coming into use. 

The windmills face northwest, from which direction the trade winds 
come. The pumps are generally placed so as to pump from the in¬ 
take pond into a pond high enough to allow the brine to move 
by gravity (PL IV, A), the flow from one pond to the next being con¬ 
trolled by small gates. Windmills or other means may, however, 
be used for lifting in parts of the system where utilization of gravity 
is inexpedient (PL VI). 

HARVESTING 

The crop of salt is usually sold before July of the following season. 
Enough salt is thereafter gathered from time to time to supply the 
current demand until September, when harvesting (Pis. VTI and 
Vin) is pushed as vigorously as possible. At many plants the first 
salt is lifted about the first of June and the operation is continued until 
about the first of January or February of the foUowing year if the 
crop is big and labor is rather scarce; ordinarily, however, harvesting is 
finished by December. 

Usually the salt deposit is first harvested to within.2 inches of the 
mud floor; then the remaining lower grade is harvested separately 
and is sold for making ice cream and for stock. The salt is shoveled 
into tram cars holding about a ton. The salt thus lifted has a pink¬ 
ish hue, and the mother liquors are likewise pinkish. A small loco¬ 
motive propelled by gasoline or electricity then hauls 6 or 8 cars to 
the mill or to the salt piles or stacks. Small stacks are made at some 
plants, and at others one huge stack is made near the TYiill (PL IX, A). 
The latter method is doubtless more economical, for it reduces both 
the surface exposed to solution by rain and also that which has to be 
broken in subsequent utilization of the salt. The latter consideration 
is important, for the surface hardens so firmly that it can be broken 
only with the greatest difficulty; indeed, the cost of breaking a par- 



BUREAU OF MINES 


BJU.LETI , 146 PLATE III 



B SALT PONDS AND SALT PILES AT PLANT OF UNION PACIFIC SALT CO , SAN FRANCISCO 

BAY, CAL 















EUriEAU OF MINES 


BULLETIN 146 PLATE IV 



B SALT GARDENS, OLIVER SALT PLANT, MOUNT EDEN, CAL. 









SALT-MAKTKG PROCESSES. 


45 


ticTilarly old crust on a small stack is sometimes more than the salt is 
worth and some old small stacks have been discarded for that reason. 
The salt in some stock piles hardens so firmly that cross-cut saws are 
used to cut it into 4-foot lengths, which are pried apart and crushed 
in the subsequent milling. 

At some mills the salt is dumped through a hopper to a screw con¬ 
veyor, which carries it to a bucket elevator that hfts it to the main 
stack. Not every plant can use this method, for the ground has to he 
very firm to accommodate the enormous tonnage of one main stack— 
a condition not common in regions of marshy land. Sinking of the 
ground may cause loss of an appreciable part of the product. At one 
mill the filling sank 1 foot a year for 20 years. 

At one plant the salt is shoveled by laborers, a line of whom extend 
the width of a pond, onto an endless belt 20 inches wide, running on 
rollers and operated by a gasoline engine, which conveys the salt to one 
side of the pond. As the salt leaves the belt it is washed with a spray 
of salt water from the bay (PL IX, B). Then it is dragged up a per¬ 
forated copper screen by an endless drag chain provided with forks 
to break up the larger lumps. During the ascent the salt is again 
washed with bay water. The salt is then raised to the stacks by a 
pan elevator so run that the open mouths of the pan are reversed to 
enable the excess of wash water to drain. The main belt, which con¬ 
veys the salt from the pond, is kept perfectly clean by a washing device. 
The salt from the outside stock piles is brought to the mill as needed 
in 5-ton cars. This method has many advantages. As soon as a 
given area of salt has been removed from the crystallizing ponds the 
entire layout is moved forward on tracks, and the salt pile may thus 
be extended the length of the pond. The washmg of the salt is also 
performed when the adhering bittern is most readily and completely 
removed. 

At Long Beach the salt is shoveled from the stock pile into small 
cars, which are carried by a rope tram to a crusher in which the salt 
is ground. A bucket conveyor takes the salt to a bin in an ordmary 
freight car, which is hauled by a motor to the mill when the bin 
is full. 

At San Diego the salt in the crystallizing pond has to be broken 
with a pickax before it can be shoveled, the greater firmness of the 
crystals as compared with those of the salt along San Francisco 
Bay possibly being due to qmcker crystallization. It is customary 
to begin harvesting as soon as the bittern is drained from the crys- 
taUizmg ponds, as the salt is easier to pick, shovel, and wash at this 
stage than at any other. 

The yield during a season varies from year to year, being governed 
by the weather and other factors. A thickness of 5 or 6 inches of 
salt a season would be a fair approximation for the region around 
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San Francisco Bay, but in the southern part of the State, owing to^ 
the longer and dryer season, it would be much larger. At San 
Diego, for example, an average harvest is 6 inches of salt, and two 
such harvests can be gathered each season. 

MILLING. 

Because of the nature of the processes employed in the manufacture 
of solar salt, and more particularly because of the differences between 
them and those employed in other parts of the United States, the 
first stages of the milling operations in Cahfornia differ from corre¬ 
sponding operations elsewhere. When the salt is lifted from the 
crystallizing ponds it is contaminated with considerable adhering 
pickle or bittern and dirt of various kinds. If it is not to be used at 
once it may undergo a preliminary washing, after which it is con¬ 
veyed to the stacks. If it is to be used immediately it is carried to 
the mill and there washed to free it from adhering impurities. 

Washing is accomphshed in various ways. The salt may be 
dumped into a hopper and a current of hot brine from the pickling 
pond poured over it. The brine is bay water concentrated to com¬ 
plete saturation, and therefore for a concentrated solution it contains 
the least amount of mother-liquor salts and consequently dissolves 
a minimum amount of salt durmg the washing. An elevator lifts 
the salt from^the hopper, the salt draining in the meanwhile. Then 
the salt passes between rolls which crush it into half-ground salt^^ 
or “three-quarters gromid salt.’^ Next it goes to vats filled with 
artificial brine that is made from salt and fresh water and conse¬ 
quently contains no mother-liquor salts. On removal from these 
vats the salt is stacked m heaps to drain. The coarse salt is then 
sacked for one branch of the trade. If it is to be subjected to further x 
refining the salt goes from the vats to a centrifugal machine, by 
which adhering water is removed. It is then conveyed to driers, 
which are long revolving cylinders containing steam cods and pro¬ 
vided with fans that pump warm air through. From the driers 
the salt goes again to the roUs to be crushed and finally to the sifters 
to be graded according to fineness. It is then ready to be sacked for 
the trade. 

Operations at different plants differ greatly in details. At some 
plants the salt in the stock piles is redissolved and the finer grades 
are made by the vacuum-pan process; then the manipulation of the 
salt at the mill may be quite different from that just outlined. 

UTILIZATION or BITTERN 

The bittern from the crystal l izing ponds has never been saved at 
some of the plants, and at most of them it is even now entirely wasted. 
Since the value of potash salts has been realized, some operators have 
had in mmd recovery of the potash in the bitterns, but few have 
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evolved definite methods for obtamiag this by-product. It is 
reported that the Leslie Salt Refining Co., in conjunction with the 
Whitney Chemical Co., has begun to manufacture epsom salts, mag¬ 
nesium chloride, and potash salts from.residual bitterns.^' 

Edward B. Durham,^ of Berkeley, Cal., and doubtless many others, 
have also experimented with the residual bitterns from the manu¬ 
facture of salt along San Francisco Bay and southern California. 
Durham has separated the magnesium from these bitterns in the form 
of magnesium carbonate, making use of sal soda. By this process 
the potash salts are left in the filtrate from the magnesium carbonate. 

As the price of magnesium chloride has been high on the Pacific 
coast during the war, separation of this chloride as well as the sul¬ 
phate from these bitterns has also been considered. The artificial 
camallite produced in the process would also be utilized. 

At one plant a small part of the bittern is refined for medicinal 
use; at another it has been used in the manufacture of ' ‘wood stone 
and magnesium oxychloride cement. The latter substance is an 
excellent nonconductor of electricity and has been utilized in the 
manufacture of switchboards. It is understood that bittern has been 
used by the Santa Fe Railroad to lay the dust along its roadbed, but 
this use is not economical because the bittern has to be applied 
frequently. 

In the table following are given analyses of the bittern obtained 
in connection with the manufacture of salt on the California coast. 


Analyses of hittems from sea water, 

[Samples collected by E, E, Free m 1912; R F. Oardmer, anal 3 rst 3 
RADICALS IN GRAMS PER LITER. 


Constituent 

Sample No. 

1 

2 

3 

4 

5 

6 

7 

c 8 

X. 

8 2 

13 4 

13 2 

14.6 

21 5 

35 0 

11 8 

0 7 

Na. 

80.0 

75 8 

38 8 

27 7 

9 1 

93 6 

60 1 

61 0 

Ca. 

1 2 

2 2 

.6 

5 

1 0 

2 

1.1 

Trace. 

Mg. 

24 0 

23 4 

50 6 

62 7 

79 4 

8 6 

43 9 

24 $ 

Cl. 

179 2 

176 6 

179 4 

183 3 

220 1 

180 4 

190.8 

148.5 

SO 4 . 

30 0 

31 4 

53 6 

74 2 

62.0 

29 0 

55 8 

34.1 

Br. 

3 0 

3 0 

3 0 

3 0 

2 0 

2 0 

2,8 



1 325.6 

325 8 

339 2 

366 0 

395 1 

348 8 

1 

366.3 

269.1 


CONVENTIONAL COMBINATIONS IN GRAMS PER LITER. 



o American Fertilizer, Ne-w potash factory: vol. 4d, Sept. 30,1916, p. 48. 
& Personal communication. 
c Grams per Jcilogram. 
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Analyses of bitterns from sea toater —^Continued. 


BADiaU/S IN PERCENTAGE OF ANHYDROUS RESIDUE 


Constituent. 

Sample No 

1 

.. . 

2 

3 

4 

5 

6 

7 

as 

K. 

Na. 

Ca. 

Mg. 

ci:. 

SU4. 

Br. 

2 51 
24 57 
37 

7 38 
55 03 

9 22 
92 

4 11 
23 27 
.6S 

7 18 
54 20 

9 64 
92 

3 89 
11 45 
18 

14 92 
52 88 

15 80 
88 

3 99 

7 57 
14 
17 13 
50 07 
20 28 
82 

5 44 

2 30 
26 
20 09 
55 71 
16 69 
51 

10 03 
26 83 
06 

2 47 
51 72 

8 32 
.57 

3 22 
16 41 
30 
11 98 
52 10 
15 23 
76 

0 25 
22 68 
00 
9 21 
53 19 
12 67 



100 00 

100 00 

100 00 



100 00 


CONVENTIONAL COMBINATIONS IN PERCENTAGE OF ANHYDROUS RESIDUE 


KCl. 

4 80 

7.83 

7 43 

7.60 

10 37 

19.07 

6 14 

0 48 

NaCl. 

62 48 

59 19 

29.09 

19 24 

5 84 

68 66 

41 69 

59 88 

. 

20 00 

19 60 

42 62 

46.77 

63 35 

1 20 

32 09 

23 70 

CaS 04 . 

1 23 

2.27 

68 

.46 

.83 

.17 

1 01 

00 

MgSO*. 

10 44 

10.07 

19 18 

25 00 

19 03 

10 24 

18.20 

IS 94 

MgBrs.' 

1 05 

1 04 

1 00 

.93 

58 

66 

87 



100 00 

100 00 

100 00 

100.00 

100 00 

100.00 

100 00 

100 00 


o Grams per kilogram 


SotJRCB OP Samples. 

1. Leslie Salt Refining Works, San Mateo, Oal. Representative sample taken near 
northwest comer of mother-liquor pond 

2. Leslie Salt Refining Works, San Mateo, Cal. From southeast comer of mother- 
liquor pond. 

3 Leslie Sait Refining Works, San Mateo, Cal. From salt-making pond, in which 
salt had been forming during the summer. 

4. Oliver Salt Works, Mount Eden, Cal. From slop pond, representing 5 years’ 
accumulation. 

5. Oliver Salt Works, Mount Eden, Cal. Mother liquor that had been subjected 
to special treatment 

6. California Salt Co , Alvarado, CaSi. From slop pond, representing 3 years’ 
accumulation, though considerable quantities had been abstracted and small quanti¬ 
ties of other waste liquors had been added. 

7. Pioneer Salt Co , San Francisco, Cal. One year’s accumulation 

8. Loff^ Beach Salt Co., Long Beach, Cal. Abnormally concentrated bittern from 
an outlying tank, 1912, R. K. Bailey, analyst 

NOTES ON SAMPLES 

The analyses of the bitterns resulting from the extraction of salt 
from sea water on the California coast are remarkable for the indi¬ 
cated proportion of magnesium salts, both the chloride and the 
sulphate, and aJso for the rather large proportion of potassium, 
Calcium is present in rery smaJl proportions, probably in the form 
of sulphate. Bromine is present in rdatively small proportions. 
The relatively large content of potassium makes it probable that these 
bitterns might be evaporated and utilized in the manufacture of 
low-grade fertilizer material, such as manure salts, hartsak, and 
kainite. 
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SALT PRODUCTION AT GREAT SALT LAKE, UTAH. 

PRODTJCTIOH CENTERS. 

Salt has been made by solar evaporation for many years along the 
shores of Great Salt Lake, the mdnstry dating in fact from the early 
settlement of the region. A small amount of salt is reported as hav¬ 
ing been made recently at Promontory Point, Box Elder County; 
Withee, Weber County; Syracuse, Davis County; and at Gax*field, 
S^t Lake County. The most elaborate operations ever attempted 
along the lake shore are conducted at the plant of the Inland Crystal 
Salt Co., near Saltair, 15 miles vrest of Salt Lake City. The process 
of obtaining salt near Saltair is described below. 

CHARACTER OP BRINE 

The chief differences in the results of various chemists who have 
analyzed the water of Great Salt Lake are m the degree, but not in 
the character of the salinity. It is to be expected that the concen¬ 
tration would change with changes in dilution from local sources. 
The water of Great Salt Lake, which is the brine utilized, is similar in 
composition to sea water, though its concentration is four to seven 
times that of sea water, and consequently it furnishes a much stronger 
brine for salt making. (See analyses below.) A sample from the 
lake north of Lucin Cut-Off, near Withee Junction, Utah, collected 
by the writer in 1912, had a salinity of 13.35 per cent, according to a 
test by R. K. Bailey. 

The following analyses tabulated by Clarke ^ show the composition 
of the water. Other analyses are given by Gilbert.^ 


Amlyses of water from Great Salt Lake, 


Constituent 

Sample No 

1 

2 

3 

4 

5 

65 69 
Trace 
6.52 

! 

6 

7 1 

8 1 9 

” !. [! !! .!!. 

55 99 
Trace. 

6 57 

66 21 

55.57 

66 54 

55 25 
Trace, 
6.73 

65.11 

53 72 

55 48 

SO4. 

CO3. 

6 89 
.07 

6.86 

5 97 

6.66 

5 95 

6 68 
.09 

Li. 

Trace 
33 15 
1.60 
.17 

2 62 



.01 
32 92 

1 70 

1 05 

2 10 
.01 

Trace 
34 65 

2 64 
16 
.57 



Na. 

K.^. 

Ca. 

Mg. 

Fe203, AI3O3, S1O2.. 

33 45 
(?) I 
.20 i 
3 IS i 

^ 17 

1.59 
.21 

2.60 

33 39 
1.08 
42 
2.60 

32.97 

3 13 
.17 
1.96 

32 si 
4,99 
.31 

2 22 

33.17 

1.66 

.16 

2.76 

Salinity, per cent. 








*• 

100 00 
14.994 

100.00 
13 790 

100 00 
15 671 

100 00 
19 558 

100 00 
C23.036 

100 00 
27 72 

100 00 
22.99 

100 00 

1 17 68 

1 

100 00 

20 349 


aClaike,F.W , The data of geochemistry U S Geol Survey Bull 491,1911, p 144, and Bull. 616,1916, 
p. 155. 

6 Gilbert, G K , Lake Bonneville U S Geol Survey Mon 1,1890, pp 253-254 
c More correctly, 230 355 grains per liter. 
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Data Regarding Samples. 

1. Analyzed by 0. D Allen, Kept U. S. Geol Expl. 40tli Par., vol. 2, 1877, p. 433 
Water collected in 1869. A trace of boric acid is also reported in addition to the sub¬ 
stances named in the table Allen also gives analyses of a saline soil from a nmd 
flat n^ Great Salt Lake It contained 16 40 per cent of soluble matter much hke 
that of the lake water. 

2. Analyzed by Charles Smart. Cited in Resources and Attractions of the Tertiary 
of Utah, Omaha, 1879. Analyses made in 1877 

3. Analyzed by E. von Cochenhausen, for C. Ochsenius. Zeitschr. Deutsch. geol. 
Gesell, vol 34, 1882, p 359. Sample collected by Ochsenius, April 16, 1879. Och- 
senius also gives an analysis of the salt manufactured from the water of Great Salt Lake 

4. Analyzed by J E. Talnoage, Science, vol 14, 1889, p. 455. Collected in 1889. 
An analysis of a sample taken in 1885 is also given. 

5. Analyzed by E Waller, School of Mines Quart., vol. 14, 1892, p 57 A trace of 
boric acid is also reported 

6. Analyzed by W. Blum. Collected in 1904 Recalculated to 100 per cent Re¬ 
ported by Talm^e in Scottish Geog Mag., vol. 20, 1904, p 424 An earlier paper 
by Talmage on the lake is in the same journal, vol 17, 1901, p 617. 

7. Analyzed by W. 0. Ebaugh and K. Williams, Chem. Ztg , vol 32, 1908, p 409. 
Collected in October, 1907. 

8. Analyzed by W Macfarlane, Science, vol. 32, 3910, p. 668. Collected in Febru¬ 
ary, 1910 A number of other analyses, complete or incomplete, are cited in 
paper by Ebaugh and Macfarlane. 

9 Analyzed by R. K Bailey, in the laboratory of the U. S. Geological Survey. 
Sample collected by H. S. Gale, October 24, 1913. 

Sodiutn is higher but calcium and magnesium, especially the for¬ 
mer, are distinctly lower in the lake water than in sea water. Car¬ 
bonates are almost entirely absent from the lake water but are present 
in ocean water. Calcium carbonate is precipitated on tho shore of 
the lake in the form of oolitic sand. Gilbert ^ states that the quan¬ 
tity of sodium chloride in the water of the lake is about 400,000,000 
tons and that the amount of sodium sulphate is about 30,000,000 tons. 

As the lake is shallow its Tolume is greatly affected "by small 
changes in its level. As the total salinity (salt content) may be con¬ 
sidered fairly constant, the strength of the brines is affected only by 
the changes in level. Observations were made in 1850, when the 
lake was at its lowest observed state; m 1873, when the lake was at 
its highest stage; in 1869, when it was at an intermediate stage; and 
in 1885 and 1889. From a comparison of the extreme i*esults it 
appears that the salinity was decreased 39 per cent by a rise of 10.5 
feet, which represents on the assumed basis of no change in total 
saline content an increase of 73 per cent in the volume of water in 
the lake. The saline matter presumably has been derived chiefly 
from the fresh-water rivers flowing into it and from the brackish 
springs along its edges. Whether these springs deiive their sahne 
matter from extraneous sources or from beds originally deposited in 
the Boimeville basin is unknown. If the latter is true the springs 

» Gilbert, G jK , X^ke Bonneville tJ. S. Geol. Survey Mon. 1.1890, p. 253. 
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could hardly he regarded as contributing an original quota of saliae 
material. .Gilbert ® says that it must be regarded as an open question 
whether the existing lake and its characteristic brine dates from the 
end of the Bonneville overflow (Pleistocene) or from a subsequent 
epoch of extreme aridity. 

SALT MAKING AT SALTAIE. 

The brine is pumped from the lake into a flume, in which it is 
carried about 3 miles to the ponds for concentration and crystalliza¬ 
tion. The ponds are designated from the processes taking place in 
them as settling ponds, stock or evaporating ponds, and crystallizing 
or harvesting ponds- They are separated from one another by clay 
embankments 2 feet wide and 22 inches high, held m place by boards 
set on edge. Pumping begins in April and continues until the first 
of September except during storms. Evaporation goes on approx¬ 
imately at the rate of pumping, which is about 5,000 gallons a minute, 
for 16 hours a day from the middle of June to the middle of Septem¬ 
ber, the season of greatest dryness and hence of maximum evapora¬ 
tion. Pumping is regulated to maintain a constant level in the ponds. 

The brine from the lake goes first to the settling ponds, in which 
it is allowed to remain five or six days to remove all suspended matter. 
The settling ponds cover about 75 acres. From the settling ponds 
the brine goes to the stock ponds, which cover an area of about 1 
square mile, and it remains in them until concentration reaches com¬ 
plete saturation and salt is ready to deposit, the length of time de¬ 
pending on the weather. The brine then goes to the harvesting 
ponds. During the summer of 1912, when the writer visited the 
region, 30 days elapsed between the beginning of pumping operations 
and the time the brine reached the harvesting ponds. The brine is 
conducted from one pond to another by gravity, the flow being con¬ 
trolled by small gates. 

In the harvesting or crystallizing ponds, as the name suggests, 
evaporation is permitted till all salt separates. To insure a clean 
product an under layer or salt floor is allowed to crystallize each year 
unless it is left over from the operations of the preceding year, as in 
1912. When it is left over, as happens when the crop is gi’eater than 
the market demands, the salt in it becomes more or less dirty and is 
sold for feeding to stock. The salt that is marketed comes from 
the upper layer, the plane of demarcation between it and the floor 
being known as the ^^split.^^ 

The bittern formed in the harvesting ponds is drawn off twice, 
once at the middle of the season and once at its end. In tbia way 
the salt is freed from the bulk of magnesium salts and sodium sulphate. 
Care must be exercised to draw off the bittern before cold weather 


o Gilbert, G K,, Work quoted, p 258 
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in order to avoid crystallization of sodium sulphate, which is said to 
take place when the water reaches a temperature of 20° F.** Tal- 
mage^ believes the critical temperature of the separation to be within 
a few degrees of the freezing point of fresh water, or approximately 
35° F. 

Some careful experiments recently carried out in the chemical 
laboratory of the United States Geological Survey by R. C. Wells 
have shown that Great Salt Lake water havmg a specific gravity of 
1.145, becomes saturated with respect to mirabiUte, Na2SO4.10H3O, at 
l°C.,or 34° F. 

When the bittern has been drawn off the last time and the salt is 
ready to be lifted, ordinary plows drawn by horses (PI X, A) loosen 
it. Then it is stacked by means of scrapers, wheelbarrows, or hand 
cars run on tracks in large piles beside the railroad (PI. X, B), The 
salt is conveyed in cars from the stacks to the company’s mill where 
it is further refined. Part of the yield is sold without further treat¬ 
ment. 

The average crop is about 3 inches of salt, though other writers 
who have described the industry give figures as high as 6 inches.® 
The minimum crop is about 2 and the maximum about 4 inches, 
though a crop of nearly 5 mches has been obtained. 

PBIFCIPAI METHODS OF EVAPORATING SAIT. 

At present the most important methods of manufacturing evap¬ 
orated salt comprise direct heat and steam evaporation. The vacuum- 
pan method is included among those in which steam evaporation is 
employed, although it is sometimes classified separately. Of the 
various methods of evaporation that have been employed m the past 
and are now bemg used, three may ho considered, namely, evapora¬ 
tion in open pans, in grainers, and in different forms of vacuum pans. 
On the following pages these three methods are described in general 
terms with illustrations of the different steps in the processes from 
different localities. Detailed descriptions are given of the processes 
actually used in different States. In this way the reader may obtain 
an idea of the process without having to go iuto the details; and any¬ 
one who is interested in the details practiced m any particular State 
can confine his attention to the description given under that State. 

DIRECT-HEAT EVAPORATION. 

EVAPORATION IN OPEN KETTLES. 


HISTOEY. 

The open-kettle process is the original method employed at 
Syracuse, N. Y., and so far as known it has been used in recent years 


® Oilbert, G. K, BonneviUe: TJ. S. <jfeoI. ST3rv©T Mon i ison -n 
c T —^present and past The Desert News 1900 n 80 

Barbour, P. E., The Utah solar salt indust'ry. Efng. and Mia. Jour., 
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only on the Onondaga Salt Reservation. A gradual evolution has 
taken place from small beginnings dating back to the earliest history 
of the salt-making industry at S 3 T:acuse, when the first salt was made 
simply by boihng with an open fire. Next a kettle set in an arch of 
mason work was used, then followed kettles in pairs, and later four 
kettles combined in a '‘block,” a term still used in the largest salt- 
making plants in New York and Michigan. The number of kettles 
in a block gradually increased until 30, 40, 60, and even 100 w’-ere 
placed in a line or in two parallel lines and suspended in two parallel 
flues or arches terminating in a chimney. As enlarging a block 
necessitated more fire, the kettles nearest the fire w’ero too intensely 
heated and arches had to be built under the first 12 or 15 kettles to 
protect them, a procedure not conducive to economy of fuel. Next, 
artificial draft was furnished by a pressure blower. Owing to inherent 
difficulties in the process, it has been estimated that wdth a given 
quantity of good fuel not more than two-thirds as much water is 
evaporated in a kettle block as can be evaporated in a properly 
constructed boiler. For this and other reasons the kettle system 
could not compote with other methods and has gradually heen 
abandoned. Originally there wore more than 300 salt blocks in the 
vicinity of Syracuse, but none is now in active use. 

CONSTRUCTION OF APPARATUS. 

The kettles employed m the process %vere approximately 2 feet in 
depth and 4 feet in diameter. Those nearest the fire had a capacity 
of 150 gallons and those farthest aw'aj'^ a capacity of 100 gallons. 
The kettles were thickest at their bottoms, tapering from inches to 
three-fourths inch in thiclmess at the rim. The lugs or pins on which 
the kettles were suspended were 5 inches long and 1-1 inches in diame¬ 
ter and were placed opposite each other 4 or 5 inches helow the rim. 

The arches or flues in which the row or rows of kettles were set 
were inclosed in two side -walls, betw^eeii which when two parallel rows 
of kettles were used was a central wall built of stone and lined with 
ordinary brick, except from the front.to the fiftoentli kettle where fire 
brick was used. Beyond the grate the fii’e-hrick arches were built 
with air spaces between them, which increased in size with distance 
from the grates, thus allowing the heated gases to pass thi’ough the 
spaces without directly striking the bottoms of the kettles. The 
flues decreased in depth toward the chimney, becoming only 6 or 8 
inches deep under the last kettle. The kettles were so hung with 
their rims against one another, masonry preventing escape of heat 
between the walls and the kettle riros, that the surface exposed to the 
heated gases passing through the arches was as large as possible. 
The slanting of the sides and central walls and the decreasing depth 
of flue toward the chimney facilitated this, 

OS08S°—17—'Bull. 146-5 
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A wooden conduit lengthwise of the block and a few inches above 
the. central wall had plugs that permitted ready how of brine to the 
different kettles by gravity from outside cisterns. 

METHODS OF OPERATION, 

Tlio brine employed in the manufactme of ‘'boiled^’ or ‘^common 
fine” salt, as it was usually called, was of the same strength as that 
u-^^ed in the solar process. Before the brine went to the kettles a 
little quicklime slaked with brine to form a thin nulk was stiiTed in 
for the purpose of removing the iron, which was quickly precipitated 
as a reddish-yellow sludge of hydrated ferric oxide. After about 24 
hours of settling the brine was a clear bluish-green solution. 

When the salt making began a wrought-iron pan so shaped as to 
fit snugly to the sides was placed in each kettle. The handle of the 
pan was near the center of the kettle for ease of insertion and with¬ 
drawal. It was known as the ^^bittern pan,’’ and was used to collect 
the calcium sulphate which began to separate as the brine approached 
complete saturation. It was withdrawn several times from the 
kettle before the salt began to separate, and the sediment which col¬ 
lected in it was thrown away. When salt began to form the pan was 
finally \vithdrawiL. When enough salt had separated it was ^ ^drawn” 
or removed to baskets laid across the rim of the kettle and washed 
with a mixture of the pickle left in the kettle plus fresh brine added 
after the removal of the first batch of salt. The basket remained 
usually untJ. the kettle had been ‘‘drawn” a second time, when the 
contents of the basket were dumped into the bins. The steam from 
the kettles also acted as an efiSLcient agent in making the salt, as when 
it rose into the salt in the baskets above it dissolved adhering calcium 
and magnesium clilorides. 

In spite of the efforts to remove calcium sulphate there was a 
constant tendency for an incrustation to form; this layer thickened 
more rapidly in the kettles nearer the fire than in those farther away, 
because salt was made more rapidly in the former than in the latter. 
The kettles near the fire were drawn every 4 or 5 hours, and those 
farthest away were drawn only once in 24 or 36 hours. As the layer 
of calcium sulphate in the^front kettles became thicker, it materially 
retarded evaporation because of its being an exceedingly poor con¬ 
ductor of heat. After five Or six days, therefore, the salt was drawn 
from the front kettles together with nearly all the pickle. Fresh water 
was added, and after boiling for some time the layer of calcium sul¬ 
phate was partly dissolved and loosened so as to be easily removed. 
When the kettles nearest the chimney were ready to be cleaned those 
nearest the fire had again reached a condition in which recleaning 
was necessary; the fires were, therefore, allowed to go out, accumu¬ 
lated salt was removed from the kettles, the mother liquor was dipped 
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out into the guttei, and the kettles were cleaned. Brine was then 
added and another run was begun, a considerable quantity of salt 
haring formed in the meantime in the front kettles from the heat 
remaining in the arches below them. This salt was much coarser than 
the boiled salt and was kept separate. The tune consumed in a run 
varied from 10 days to two weeks. The salt remained in storage for 
two weeks to drain, after which it was ready for the market. 

The quality of the products and the efficiency of the process 
depended on the weather, on the strength and quahty of the raw 
brine, on the character and condition of the fuel, and on a multitude 
of other conditions of minor importance. 

EVAPORATIOlSr IlST OPEN PANS. 

The open-pan process of making salt is emplo^’ed in New York, 
Michigan, Kansas, and on a mmor scale in the Sevier Valley, Utah. 

PRELEMINARY TREATMENT OP THE BUINE." 

The brine is pumped from the wells into settling tanks where it 
remains a day or so exposed to the air to allow the escape of gases, 
such as hydrogen sulphide, and the precipitation of as much of the 
iron compounds as possible. Then a thin emulsion of lime is added 
and the solution is agitated, either mechanically or by htmd, or is 
aerated with a current of air to insure thorough mixing. Through 
the chemical action of the lime any iron compotmds present which 
would discolor the product are precipitated and removed. A day or 
so after the addition of the lime, soda ash may be added, particularly 
if the salt is intended for table or dauy use. After the addition of 
the soda ash, the brine is allowed to stand for several days to become 
perfectly clear, but the length of time allowed for settling depends 
largely on trade conditions. In the Sagmaw VaUey, Mich., where 
bromine and calcium chloride are made as well as salt, the bromine 
may first be removed by electrolysis. The brine may or may not be 
preheated before it goes to the pans themselves. 

PAN OONSTBIJOTION AND MANIPULATION. 

The shallow open pans employed in making salt are illustrated in 
figure 1. They are made of riveted wrought-iron plates, to i inch 
thick, and have fllaring sides. In New York some that are in use 
have two compartments separated by a wood or metal partition. 
These compartments are known as the front and the back pans, the 
former being nearer the fire. In New York and Kansas the pans are 
usually about 100 to 115 feet long, 23 to 30 feet wide, and 12 to 18 
inches deep, the back or preheating pan being shorter than the front 


O' For further details, see'' Graiaer Process,” p. 61 . 
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pan in which the salt 
IS made. In Michigan 
the pans are usually 
not as long or as wide 
as in New York and 
Kansas. The brine is 
first run into the back 
pan and after being 
heated by the hot 
gases from the fires it 
is siphoned into the 
front pan. In New 
York and Kansas the 
front pan may have 
two sections, the salt 
being made in the one 
nearer the fire, which 
is usually the longer. 

The fuel used in the 
eastern States is coal, 
but in Kansas natural 
gas is employed ex¬ 
cept in winter when 
either coal or crude oil 
may have to be sub¬ 
stituted for it. Pans 
heated by oil or gas 
differ in details from 
those heated by coal. 

When sufficient salt 
has separated in the 
front pan, this salt is 
removed to the drain 
board, built along the 
flaring sides, and al¬ 
lowed to drain there. 
In the meantime, the 
front pan is refilled 
with brine from the 
back pan which, in 
turn, is refilled from 
the settling tanks. 
Hand rakes are gen¬ 
erally used to remove 
the salt, but in Kansas 



DIEECT-HEAT EVAPOEATIOK-. 57 

some mechanical rakes are used. Mechanical raking is more common, 
however, in the grainer process. 

Modifications of the method of manufacture outlined aboA'c and 
many details connected therewith ai‘e described under the different 
State headings.* 

CHAEACTER OF PRODUCT. 

The open-pan process of making salt is employed in New York, 
IMichigan, Kansas, and Utah, and the modes of operation at some 
works differ materially. The process, though not extensively 
employed, has its advantages, one of these being the abihty to con¬ 
trol the grain of the product. To obtain a fine-gramed salt, rapidity 
of crystallization is essential, and this is procm*ed by allowing the 
brine to boil. Sometimes artificial means are employed, such as the 
addition of lard, tallow, or butter to the surface of the brine to break 
up the grain. When salt is made thus rapidly the pans have to be 
dra\vn oftener than when coarser-grained salt is being made by the 
slower process. 


PRACTICE IN WY03VriNG COUNTY, N Y. 

The general operation of the open-pan process is well illustrated 
by practice in New York. The brine is pumped from the wells into 
the setthng tanks, often during the night to economize time and the 
use of machinery. After the brine has remained in the setthng 
tanks for 24 hours to allow the escape of hydrogen sulphide and 
other gases, a thin emulsion of lime is added, and the brine aerated 
with a current of air to insure thorough mixing The lime precipi¬ 
tates any iron in the brines. Twenty-four hours after the addition 
of the lime soda ash may be added, particularly if the salt is to be 
for table or dairy use. The brine is allowed to stand sometimes 
seven days in all, but the length of time depends largely on the 
condition of the trade. 

The shallow pans are made of riveted wrought-iron plates three- 
sixteenths to one-quarter inch thick. The two compartments of a 
pan are separated hy a partition of wood or metal, and are commonly 
known as the front pan and the back pan. The pans are usually 
about 115 feet long, including the two compartments, 27 to 30 feet 
wide, and 18 inches deep. At the plants in New York, where meas¬ 
urements were given to the writer, the back pan was 43 to 48 feet 
and the front pan 66 to 72 feet long. 

The brine, after having been heated in the back pan, is siphoned 
into the front pan, where crystaJQization takes place. The ends of 
the pans are at right angles with the bottom. The sides flare, and 
upon the drain boards, built out beyond the flaring sides and extend- 
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is heatecl by the chimnoy gases at the base of the chimney. The 
brine is preheated by the hat flue gases in the back compartment prior 
to passing to the front. 

At one of the plants the brine from the storage tanks passes first 
into a small double-'vralled cjhndrical tank in the base of the chimney, 
in which the brine is heated in an annular cylinder 18 inches wide and 
20 feet deep, shaped as shown in figure 2. The 
chimney gases pass out through the central hollow 
part of the cyhnder. It is evident that the preheat¬ 
ing part of the pan proper need not be so long where 
this device is nsed. 

Natural gas is used for fuel except during winter, 
when coal or crude oil has to be used if the pans are 
operated. The gas biu'ners are arranged along the 
sides of the front compartment of the pan, a pan 
115 feet long being provided with nine lateral burn¬ 
ers on each side of the. front section and one main 
burner in the front. The number of lateral burners 
used depends on the desired grain of salt. Some of 
the pans are flared along their sides and provided 
with drip hoards, and in some mechanical rakers 
move the salt forward to the end of the pan and over 
an end drip board, though the latter method is more 
m vogue in the grainer process. The salt is raked 
onto the lateral drip boards, where these are em¬ 
ployed, about every two hours and allowed to drain 
one hour before being taken to the storage bms. 
The salt is allowed to remain in bms at least 30 days before being 
barreled or shipped. The pans have to be scaled every 25 or 30 days, 
the bittern in them going to waste, 

PRACTICE IN’ SEVIER VALLEY, TJTAH. 

A small (][uantity of open-pan salt is made near Hedmond, in Se'vier 
Yalley, and formerly was made also in Salt Creek Canyon east of 
Nephi, Utah. (PI. XI, JB.) In the Sevier Valley rock salt from 
neighboring open-cut mines is the source of the raw material, whereas 
east of Nephi a brme flowing from a salt spring is utilized. The rock 
salt in the form of coarse lumps obtained by ordinary mining is dis¬ 
solved in a small wooden tank outside the plant; the brine thus 
formed is run into small oblong iron pans, about a foot deep, over 
wood or coal fires. The brine is boiled vigorously, and as evaporation 
progresses fresh brine is run in. The salt is raked from the bottoms 
of the pans at intervals; after it has been dried and ground it is 
bagged, and at least part of the product is sold for table use. 



Figcbe 2—Preheatmg 
tank for brine at base 
of chimney 
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STEAM EVAPOEATIOJST. 

EVAPORATION IN JACKETED KETTLES. 

In past years some salt blocks in tbe Wyoming Valley, New York, 
had kettles that were supported in a framework and surromided hr a 
steam jacket covered with nonconducting material instead of being 
suspended in a framework of brick or masonry and exposed to the 
direct heat of the fires as in the open-kettle process. The jacketed 
kettles could be uniformly heated, and their walls were thin enough 
for economical transmission of heat Thus the grain of the product 
turned out was uniform and the salt itseh of good quahty. So far as 
known, no jacketed kettles are now used m New York State. 

GRAINER PROCESS. 

GENERAL PRINCIPLES OP SALINE DEPOSITION. 

If a saturated solution of a salt is concentrated by evaporation, 
part of the salt is deposited in ciystallme form until the solution has 
again reached equilibrium of saturation. Different salts possess dif¬ 
ferent degrees of solubility, or, m other words, difTerent proportions 
of them saturate a given volume of water at a given temperature. 
Therefore, if a solution containing equal amomits of several salts is 
gradually concentrated by evaporation one salt fu’st readies its pomt 
of saturation and begins to crystalize and form a deposit before the 
others; subsequently another salt reaches its pomt of saturation and 
forms a deposit mixed with more or less of the fii*st salt, which is 
still bemg deposited. Fmally, after all the water except that re¬ 
tained in the crystals has evaporated there remains a series of deposits, 
the deposit of the salt that first reached saturation being at the bot¬ 
tom, the most soluble bemg at the top. If the supernatant liquid is 
removed before the second salt reaches its point of saturation, the 
deposit of the first salt is only slightly contaminated by adhering 
solution and can be rendered very pure by being dissolved in fresh 
water and recrystallized. This is the principle of the ordmary process 
of purification by fractional crystallization. 

If, on the other hand, more of the original mixed solution is added 
before the second salt begins to crystallize the concentration of the* 
first salt is decreased less than that of the others, and the deposition 
of it is thereby retarded less; consequently a thick deposit of the fii-st 
salt may gradually be formed by continuous evaporation and suc¬ 
cessive additions of mixed solution, until finallv the concentration 
of the other salts in the solution becomes so great that they also are 
deposited. This is the principle of separation followed in the grainer 
process. These fundamental processes, which can be demonstrated 
in any laboratory, are generally believed to have been those that 
formed natural saline deposits. 
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GENERAL CONDITIONS AS TO USE OF WASTE HEAT. 

The following information with respect to tho general conditions 
surrounding the use of w^aste heat is given by Willcox ® who has had 
a wide experience. 

The low price of salt that has prevailed for several years past and which, according 
to present indications, will continue for some time to come, has brought foicibly to the 
attention of salt producers the necessity’’ lor economy in the operation of their plants 
The low price of salt, the continually increasmg cost of labor, and the troubles expe- 
nenced on account of strikes, etc , have had the effect, first, of introducing labor-saving 
machinery into salt plants, and second, of awakening the interest of salt producers in 
the problem of introducing more efficient means for settling and evaporating brine 

Certain ariangements of evaporating apparatus and methods of operating it have 
grown up as the lesult of experience in each salt-producing district of the country 
Each district, therefore, follows the methods that have been found suited to its indi- 
\idual requirements, and these methods have in the course of time become standard 
practice for that district In some sections much study has been given to the problem 
of brme evaporation, and a voluminous literature has been contributed to the chemistry 
of salt production Not so, however, with the engineering side of the problem 

In certain sections, owing to the abundance of cheap fuel and for other reasons, 
little study has been given to the subject of economical evaporation In such districts 
the quantity of output has naturally been the mam consideiation 

The standard practice in each salt-producing section has been subject to little 
change or improvement xmtil withm the last 10 years, and these changes and improve¬ 
ments have m large measure been necessitated by the low price at which salt has had 
to be sold 

The manufacture of salt, more especially by the grainer process, 
is often carried on in conjunction with some other industry. lu 
Mk'higan, the industry grew up largely as an adjunct of lumbering 
and IS still carried on in connection with it. In other places salt 
making is related to some local industry. Thus, at Clereland, Ohio, 
near Ithaca, N. Y., and at Pomeroy, Oliio, exhaust steam is supplied 
from the neighboring plants of traction companies, and in one m- 
stance the heat for salt making comes from an electnc plant of a 
closely associated mining operation. Advantage had to he taken 
of the low cost of heat. 

In many places heat is employed that otherwise might go to waste, 
such for example, as that contained in the condenser or tail-water 
.gathered from all parts of a plant, and in a few places economizers 
are used that utilize the heat of tho chimney gases. Such methods 
are described more iu detail under the heading of ^^Preheating^^ in 
the following pages, and under the local discussion by States. To 
sum up, it may be stated that many salt plants exist simply because 
of some decisive advantage, one of which is cheap and readily availa¬ 
ble fuel. 


® Villcox. Q. B., Bvaporation tasts of a salt grajner: Michigan Engineer, 1907, pp. 164-165. 
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MANIPULATION OF BKINE. 


PTTMPIJfO, 

The brine nsnally comes from several hundred feet below the 
surface—^in places as much as 2,300 feet. Several methods are used 
for raising or lifting the brine to the surface; among the more common 
are there: (1) The air lift or Pohl4 system, (2) the hydraulic nn^thod, 
and (3) the old-fashioned sucker-rod and walking-beam pumping 
system. 

In the air-hft system air under pressure is forced down a pipe 
within the tubing of the weU, in which the brine is standing. Rising 
bubbles of air lift the brine, which is thoroughly aerated—the air 
escapes as the brine loaves the pipe to enter the fimt setthng tanks. 
Tliis system of lifting brine is in common use in New York and in 
certain salt-making districts in Michigan, Ohio, and Texas. Details 
in applying the method vary in different fields and perhaps in the 
different plants within the same field. 

In certain parts of the Michigan field, brine is also raised by hydraulic 
pressure; that is, by forcing water into the wells under great pressure, 
as a result of which the brine is forced out at the same time either 
from the same or a different well. The water is forced down the outer 
pipe or casing and the brine flows out of the inner pipe or tubing. In 
some places underground solution of the salt has progressed so far 
that the cavities’^ of separate wells have merged, and at one plant 
as many as four ^‘cavities’’ are known to bo connected underground. 
It is stated by some operators that the method of liftmg brine by 
hydraulic pressure is more satisfactory than by the air-lift method, 
because a stronger brine is obtained more cheaply and with less destruc¬ 
tion of machinery. At some Ohio plants the brme is hfted by the air 
lift and the an is liberated at the well to avoid jarring the pipes and 
air compressors. In one plant in Ohio a combination method is em¬ 
ployed, the brme being forced to within 800 feet of the surface by 
hydraulic pressure and the remamder of the distance by means of the 
air lift. Hydraulic pressure is in use in New York, Michigan, and 
Kansas. In Kansas the fresh water used in the vicinity of Hutchinson 
and Sterlmg is part of the underflow of the Arkansas River and comes 
from a depth of 30 to 35 feet. 

In eastern Ohio, West Virginia, and Peims^dvania, and in certam 
parts of the Saginaw Valley, the sucker-rod and walking-beam sys¬ 
tem of pumping has been employed, but modern deep-well pumps are 
also used at certain plants in these States. The present tendency is 
toward the complete displacement of the old-fashioned rod and walk¬ 
ing beam m favor of the air lift. Along Ohio River the old-fashioned 
methods have passed into h^^tory. 
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CLARIPYtNG. 

After being pumped to the settling tanks, the brine is allowed to 
stand long enough to permit the escape of gases—chiefly hydrogen 
sulphide—considerable quantities of which are present m the brine 
of cer+ain wells in New York and Michigan; and also to allow the 
oxidation and precipitation of as much iron as possible. The aeration 
may also be accomplished, for example, in certain parts of the Sagi¬ 
naw Valley, simply by agitatmg the brine and allowing it to stand. 
In plants in the Sagmaw VaUey, where such prelimmary mechanical 
aeration is carried out, the brme passes directly to the settling tanks, 
where milk of lime is added, either mechanically or by hand, and the 
brine is agitated and allowed to stand, sometimes for several days if 
the storage capacity is exceptionally large. 

After standing in contact with the air or after mechanical aeration, 
brine is treated with milk of lime and thorough^ plunged and mixed, 
after which it is allowed to stand long enough to settle completely— 
the length of time dependmg upon the demand for salt. To remove 
the excess of hme, soda ash is added at some plants, and the solution 
is allowed to stand still longer. 

In northeastern Ohio milk of lime is added in the storage tanks, 
but this treatment has not been foxmd necessary in all localities. 
At one plant milk of lime is forced underground through the casing 
and thus into the brme. It is claimed that the resultmg brme is 
clearer than usual and that the impurities settle more rapidly, though 
the reasons for these results are not very clear to the writer. In 
Kansas the brine as a rule is not treated either with lime or soda ash. 

The settling tanks and the preheating tanks vary greatly both in 
dimension and in construction, and it has been thought wise to 
give details under the practice in the different States. 

PREHEATING 

To insure good results the brme is allowed to run into the grainers 
at the rate at which evaporation takes place and at a temperature 
slightly below that of the brine m the grainer. The brine is raised 
to the desired temperature outside of the grainer in preheating tanks. 
These may be as long and as wide as the grainer, but they are usually 
deeper and hence of greater capacity. The heat employed is that 
which might otherwise go to waste, such as that m the condenser or 
tail water gathered from all parts of the plant' exhaust steam, etc. 
Whenever there is a surplus of steam, as during the lifting process, 
direct steam may be employed. Sometimes two sets of preheaters 
are in use, tail water being employed in the first, and, m the second, 
to raise the temperature still higher, exhaust steam is used. In 
rather rare instances what are known as economizers are in use, 
whereby the heat of the chimney gases is utilized. The economizers 
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consist of many flues in contact witli the l)niie. As the chimnev 
gases pass through the flues to the chimneys they give up their heat 
to the brme. In such cases the draft is assisted "by a fan. 

Because of the peculiarities of practice in southern Ohio and West 
Ahrgmia, owmg to the dilute brine used m those States and also to 
the industrial conditions differing from those in other salt fields, the 
general subject of preparing the brines for making the salt by the 
grainer process is described in detail under the different geographic 
headmgs. 

OUTLINE OF PROCESS “ 

The gi'amer or Miclngan process of making salt is of American 
origin. Briefly, it consists in passing live or exhaust steam tlmough 
metal pipes that are immersed in the brine to be evaporated. The 
brine is contained in the grainer, a long, narrow, shallow vat built of 
wood or metal supported on a framework, or of cement or concrete 
supported on a foundation of sand. 

In some districts the process is carried on efficiently, care being 
taken to conserve the heat wherever possible and to handle the salt 
as little as practicable. Such plants have usually been able to sur¬ 
vive the keen competition ever 3 rv"here evident in the salt industry. 
On the other hand, many grainer plants have advanced little during 
recent years and have steadily decreased their output; some have 
shut down altogether. Many of the plants exist simply because of 
some overwhelimng advantage, such as cheap and readily available 
fuel or a market for bromine, calcium cliloride, or other by-products. 

The output of a grainer varies considerably, depending (1) on 
whether hve or exhaust steam or '“tail water’’ (hot water gathered 
from different parts of the plant) is used for heat; (2) on its size; and 
(3) on the general efficienc^^ with which operations are conducted. In 
those plants where the so-called dividend gramers are used and where 
the process of making salt is slow the yield is natm-aUy smaller than 
111 plants where exhaust steam is used. The length of time a grainer 
runs before being cleaned is a variable factor, but great length of 
time between clean-ups does not signify that the resulting salt is of 
poor quality, for at some of the grainers it is the aim to have the pro¬ 
cess a slow one and to make the grain of the product correspondingly 
coarse. 

As the details of the grainer process as carried on in various dis¬ 
tricts of this country differ markedly they are described by States in 
so far as such treatment is advantageous, in addition to the general 

oChatard, T M , Salt making processes in the United States U S Geol. Survey Seventh Aim. Kept, 
1888, pp 518-526, Merrill, F. J. H , Salt and gjrpsum industries of New Yoik. New York State Mus Bull, 
vol 3, No 11,1893, pp 58-60; Willcox, G B , Evaporation tests of a salt gramer: Miehigan Engmeer, 
1907, pp 164-189, Willeox, G. B , Salt manufacture Trans Am, Soe Mech. Engr , vol. 30,1909, pp. 1065- 
1085 
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descriptions in this place. Many of the statements made, both here 
and under the State headings, are general, and practice may diverge 
considerably in individual plants, though all the general statements 
are based on actual practice. 


CONSTRUCTION OF GRAINER. 

The gramer may be built of wood, metal, or reinforced concrete. 
It must remain brine-tight under great differences of temperature! 
The old wooden grainers, especially in Michigan, were made of white 
pine, wliich was then plentiful. The pine grainers withstood the ac¬ 
tion of the brine splendidly, were easily made, did not shrink much 
and when properly caulked with oakum gave good service for about 
five years. Some of the wooden gramers used are built of hardwood- 
grainers with sides of beech and bottoms of maple were called to the' 
writer’s attention in Michigan in 1911. The reinforced-concrete 
grainer, a more recent type, is monolithic, has no expansion joints, 
and is usually provided with mechanical raking devices. It rests on 
a bed of rammed sand, which gives uniform support and reduces loss 
of heat by radiation. Its walls are 5 to 7 inches thick and the bottom 
4 to 6 inches thick, the reinforcement being J-inch steel bars. 

The following data regarding a type of mechamcaUy raked gramer 
(PI. XII) that is rather widely used in New York, Michigan, Ohio, and 
Kansas are taken from Willcox.® Many modifications of the me¬ 
chanically raked grainer are giving satisfaction 


MECHANICAL RAKERS. 

During the process of evaporation it is necessary to “lift” the salt 
that collects on the bottom of the grainer. The salt is lifted either 
by hand when the grmner is nearly fuU or automatically as fast as it 
fornK. The automatic method has been generally adopted, because 
it is less expensive in the long run and obviates the difficulty of pro- 
cur^ laborers to work in the hot steam-laden atmosphere of the 
gramer room. Various types of salt raker have been developed, 
their ob]ect being to coUect the salt and deliver it to the incline or 
apron ^ at the end of the grainer. In whatever manner constructed, 
mechanical rakers must be capable of keeping clean a floor 100 to 150 
f^t long and 12 feet wide, and they must dehver the salt to the in- 

L dr«in properly before being 

piKhed mto the mechamoal conveyors for delivery to the warehouse! 

Iron or steel rakers are umaUy -used, but these metals are stroimly 
attacked md rapidly deteriorate in a salt-laden atmosphere. More¬ 
over, the iron salts formed by their destruction discolor and thereby 
cheapen the product. Chams formerly used in the construction of 

<.WJIloox,G B.,SaltmaouRctur 6 : Am Soc.Meoh.Engr,yoI.30,1909,pp.l0W-i085. 
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salt rakers have been discarded at some plants on account of tboir 
liability to break. Wheels also are nsnally avoided on account of the 
rapidity with which they wear out in the salty atmosphere. Over¬ 
head framework is not desirable because it obstructs the biine surface. 
For these reasons the most satisfactory automatic rakers are enthely 
submerged in the brine and are operated by a hydraulic cylinder, 
placed in front of the grainer beneath the grainer pipes. By this 
expedient corrosion is reduced to a mmimuin and no clifidculty is 
experienced from rod salt. 

The raker (PL XII) consists essentially of a framework com- 
pnsmg two steel angles A within the grainer near its bottom and 
adjacent to the side walls. At inteiwals these two angles are con¬ 
nected by cross braces B, and the framework so formed cames a 
series of feathering scraper blades O extending across the grainer and 
supported at either end on the two side angles by horizontally pro- 
jectmg rocldng pivots or fingers, a. The scrapers are usually placed 
about 8 feet apart, and the entire raker has a back-and-forth move¬ 
ment of about 9 feet, so that each blade travels about 1 foot ahead 
of the initial position of the next blade in front. The salt is thus 
gradually passed to the front of the grainer and up the incline. 

The side angles shde back and forth on a series of fiat cast-iron shoes 
at suitable intervals along the bottom of the gramer. The piston 
rod of the hydi'aulic cyhnder passes into the grainer through a stuflBng 
box in which are several rings of metallic packing. The cylinder is 
usually about 8 inches m diameter with a 9-foot stroke It makes a 
stroke in about two minutes, bringing up a load of salt every four 
or five minutes. 

BELT CONVEYORS. 

On a dry day the salt may be seemingly dry and behave like granu¬ 
lated sugar in the conveyors, but it becomes soggy witb increased 
humidity, and brine will drip from the conveyor on a damp or foggy 
day. If the conveyor is a helt, the salt on a dry day can be readily 
cleaned from it by means of a diagonal scraper of plate glass, but on 
a wet day will stick to the belt, so that removal by any cleaning device 
is exceedingly difificult. Another difficulty with belt conveyors having 
iron rollers is excessive corrosion, the underside of the helt becoming 
covered with iron rust that sooner or later under the sweating of tho 
salt causes rusty water and pieces of discolored salt to drop on the salt 
piles. A suggested substitute for the iron rollers is an idler made of 
pepperidge, a kind of wood, about 5 inches ia diameter and 2 or 3 
inches longer than the width of the belt and having a cold-rolled shaft. 
The bearings are blocks of well-seasoned maple and ordinary cup 
grease is used as lubricant. If a conveyor belt is operated continu¬ 
ously for a long time, dirty salt accumumlates along the edges and 
around the rollers at the edges. 
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ALBEBGEB PROCESS. 


The salient points of the Alberger process, ajnodification of the 
gramer process patented hr Wilhams, Alberger & Alberger® axe out¬ 
lined below. 

One of the fundamental essentials of the gi-ainer process is pre- 
liminarv purification of the brme. Purification from such sub¬ 
stances as the sulphate and carbonate of hino is effected by heatmg 
the brine, in a “purifier” to about 250° to 300° F., thus rendering the 
impurities insoluble. Tho purifiei's are gonmally cylindrical, but 
^ome are said to be larger at the bottom than at the top, arid they are 
generally made (*f boiler plate. Accordmg to a recent patent, puri¬ 
fiers are partly filled with ordinary gravel about tkroe-quartei’s.of an 
inch in diameter. The biine imdor pressure enters the purifier where 
the impurities are deposited m the gravel and on the internal surface 
of the. pui'ifier. By rotating or agitating tho punfier so as to cause 
the deposition surfaces to mb one another and tho intonor of tho 
purifier, the impurities are broken away, then they arc removed by 
fluslihig or any other convenient method. 

The. grainer used m the Alberger process is a circular evaporating 
pan, which is filled with brme to a depth of about 1 foot. Attached 
to its bottom and opening into it at a point on its peripheiy is a 
iiuxer, into which the salt is swept from tho bottom of the gi-amer by 
arms and scrapers on a revolvmg shaft. Arms on another shaft 
sweep the surface of the brine in the grainer and agitate it with 
'‘flippers.” The arms and scrapers revolve slowly to avoid stirring 
the contents of the grainer too much and are submerged; the flippers 
at the surface revolve, more rapidly. Brine is fed continuously. 
Tho steam pipes in the grainer ai'o supported outside, so as not to 
interfere with the operation of the rakes. 

^rfter having been suitably prepared in the purifier and heated to 
tho proper temperatm-c (226° F.), the hot brine spreads over the 
surface of the grainer. The flippers strike the salt as it forms in 
small ciystals on the surface of the brine and cause it to fall to the 
bottom. They also strike a dam or obstraction, so that the salt 
adhering to them is knocked off. The arms and scrapers revolving 
slowly aid the circulation of the brine and sweep the salt as it forms 
fium the center to the peripheiy of tho grainer, from which it passes 
to tho mixer and then to the centrifuge, where it is partly dried. If 
it contains no insoluble matter, it passes to the steam drier and then 
to the bolters and sifters, where it is finished for the market. 


a Wfllams, H, Alberger, J L., and Alberger, L. R, tr S. Patent 400,983, Apr 9, 1889, alsoU. S. Pat¬ 
ent 351,082, Oct. 19,1886! and U. S. Patent 443,186, Dec. 23,1890 
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PRACTICE IN NEW YORK, 

The brine; from the well goes to settling tanks (PI. XT FT ^4). 
Then; at some plants, it is allowed to stand 24 hours to allow the 
escape of hydrogen sulphide and other gases. It is then treated vriih 
a few buckets of milk of hme and thoroughly plunged, after which it 
is allowed to stand 1 to 3 days or even longer, the length of time 
depending on the demand for salt. To remove the excess of lime, 
soda ash is added at some plants and the solution again allowed to 
stand 24 hours or longer. To obtain good results the brine is then 
allowed to run into the grainers at the rate at which evaporation 
takes place and at a temperature only slightly below that of the 
brine in the grainer. The brine is raised to this temperature outside 
the grainers in preheatmg tanks (PI. XIII, B), which maybe as long 
and as wide as the grainers but are usually deeper and hence of greater 
(‘apacity. These contam steam pipes placed a foot or so above the 
floor to heat the cold brine. The exhaust steam from the grainer 
pipes is the usual source of heat but '"tail waterhot water gath¬ 
ered from other sources throughout the plant—^may also be used. 
Whenever there is a surplus of steam, as during lifting, direct steam 
may be employed. The preheating tanks are usually in the grainer 
building and the settling tanks outside. 

In New York, grainers 100, 120, 125, 128, and 140 feet long are in 
use; they are usually 12 feet wide and 20 to 24 inches deep. They 
are provided with 4 to 8 steam pipes, 2^ to 5 inches in diameter, hung 
on pendants so that their tops are a foot or less from the bottom of 
the vat. These pipes are almost as long as the vat and are so 
arranged that the salt can be raked to the outer side of the grainer. 

In grainers in which hand-lifting is employed the salt is shoveled 
from the grainer to a platform (PI. XIV) built over and running 
lengthwise of the middle. Usually salt is removed from such grainers 
once a day and, after having drained enough is carried in wheelbarrows 
to the storage bins. In many plants the salt as it forms is contin¬ 
uously moved by mechanical rakers to an inclined plane or apron 
at one end of the grainer, from which the hulk of the adhering bitteni 
flows into the grainer again. Where the salt is removed by mechanical 
rakes it may fall on a revolving belt, and he conveyed by a bucket 
elevator to the storage bms without manual labor; or it may be 
shoved over the end of the apron onto a shelf whence it is removed 
in wheelbarrows. For best results the brine should be kept at or 
near the boiling point while the salt is being removed. 

To keep the salt at the highest standard particularly if it is intended 
for table or dairy use, the bittern containing the chlorides of lime 
and magnesium must be removed every day, every other day, or 
every ttdrd day, dependmg on the quality of salt that is being made. 

98088®—17-Bull, 146-6 
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As the bittern contains too much salt to be allowed to go to waste it 
is discharged into another set of grainers known as '^dividend’’ 
grainers, which are heated by waste or exhaust steam and 
water.” Because of the low temperature and the consequent slow¬ 
ness of crystallization in these grainers the salt is rather coarse¬ 
grained and is used chiefly for meat packing and refrigerating. 

Many of the main grainers, from which salt is lifted daily, have to 
be cleaned and scaled every 3 or 4 weeks, though some are scaled 
only two or three times a yeai’. The frequency of cleaning depends 
on the ealciuin sulphate (gypsum) content of the brine, and largo 
amounts of calcium sulphate arc common in the hrmec of Now York. 

PKAOTICE IN MICHIGAN. 

DEVELOPMENT. 

For descriptive purposes Michigan may be divided into three dis¬ 
tricts as follows: (1) Western part of the Lower Peninsula, including 
Manistee, East Lake, and Ludington; (2) the Saginaw Valley, includ¬ 
ing the region about the cities of Saginaw, Bay City, Midland, St. 
Charles, and Mount Pleasant; and (3) Detroit and to the north and 
south along St. Clair and Detroit Rivers. The grainer process m 
this State does not differ in principle from that in ITew York though 
it varies in details. Both the grainers from which the salt is lifted 
by hand and the modem mechanically raked grainci’s are in use. 

Salt making in Michigan was at first only an adjunct of lumber¬ 
ing—^refuse lumber and exhaust steam being used for heat. Now 
the manufacture of salt has become so important as to be an integral 
part of the business, though it is still a side issue with many firms, 
and some firms will undoubtedly discontinue making salt as lumber¬ 
ing declines. In general, however, the manufacture of salt in this 
part of Michigan is so well established that even the decline in the 
lumber business is not likely to seriously affect it; probably it, like 
other industries, will adjust itself to changed conditions and wiU 
continue to thrive. There will be a change in fuel from wood to coal, 
and greater economy in utilizing heat. 

LUDINGTON-MANISTEB DISTBICT. 

In the Ludington-Manistee district, which includes Manistee, East 
Lnke, Filer City, and Ludington, more mechanically raked grainers 
are in operation than those from which the salt is lifted by hand, 
and at some plants the latter type of grainer serves simply as a com¬ 
plement of the other, utilizing available waste heat and making a 
coarse salt for which there is good demand. 

The brine near Manistee is pumped from a depth of approximately 
2,000 feet, usually hy means of air lifts. The wells at Ludington arc 
reported to be about 2,300 feet deep. The ordinary strength of brine 
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pumped varies from 90° to 100° salimeter. At some of the plants it 
runs from 98° to 100° continuously if the wells are not crowded; 
otherwise the strength may decrease to 97° or 95°. At most wells the 
water that dissolves the salt underground is not pumped into the beds, 
as in some other fields, but flows in from overlying strata as brine is 
pumped out; at some wells, however, the water is forced in. 

The brine flows from the wells through troughs, or stands in tanks 
in order to insure elimination of hydrogen sulphide. It then passes 
through the settling and preheating tanks to the grainers. 

The settling tanks in the first set differ greatly in thoh dimensions. 
At some plants they are less than 100 feet long, but most of them are 
100 to 160 feet long. They are usually 12 to 24 feet wide, a width 
of 18 feet being common, and are 6 to 8 feet deep. The preheating 
tanks are 150 to 195 feet long, though one seen by the winter was 300 
feet; they are 10 to 15 feet wide, one wider having been noted; and are 
usually 6 to 8 feet deep. Some are constructed of concrete. These 
tanks are provided with several 3-mch or 44nch pipes, through which 
live steam, tail water, or exhaust steam is passed. So far as the writer 
is aware, no chemicals are used to prepare the brine for the grainers, 
though practice may have changed since he visited the field. The 
brine is heated usually to a temperature of 120° to 160° F., but at 
some plants, especially those where the brine is weaker than usual, 
the temperature may rise to 175° F. In places four days are con¬ 
sumed in the passage of the brine from the wells to the grainers. 

The grainers arc heated more generally by exhaust than by live 
steam. Where a hand-lifted dividend grainer is a minor part of the 
establishment, tail water or exhaust steam is generally used to heat it. 
The grainers are usually 150 to 160 feet long, 10 to 13.5 feet wide, 
and 18 to 24 inches deep. They are fitted with 6 to 8 and sometimes 
9 or even 10 galvanized-iron steam pipes, usually 4 inches in diameter. 
Some of the grainers in which hand lifting is practiced are shorter 
than those mentioned, but their width and depth usually fall within 
the limits given. 

The grainers make 60 to 75 barrels of salt in 24 hours, 80 barrels 
being a maximum. The production depends on so many variable 
factors that information on this point can not be very definite. 

SAGINAW VALLEY DISTRICT. 

In the Saginaw Valley district, which includes Saginaw, Bay City 
Midland, Mount Pleasant, and St. Charles, brine comes from different 
depths. In Saginaw the salt wells are 700 to 900 feet deep, at Bay 
City about 1,000 feet, and at St. Charles 800 feet deep. At Midland 
the brine-bearing horizon is approximately 1,200 to 1,300 feet below 
the surface, and at Mount Pleasant the brine supply at one well lies 
between 1,408 and 1,468 feet below the surface. In places the brine 
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is somewhat dilute, its salinieter strength varying from 80^ to 94°, 
100"* representing complete saturation with sodium chloride. It is 
r<»ported that the brine near the center of the basin registers more 
than 100° salimeter on account of the presence of calcium and mag¬ 
nesium salts, that are more soluble than common salt. 

A far greater number of wells were formerly in use in this valley, 
especially about Saginaw and Bay City. If all wells had been plugged 
when abandoned, little fresh water would have reached the natural 
brine, but, according to information received, many of the old wells 
were not plugged, and consequently the natural brme has been greatly 
diluted with fresh water from overlying strata. A State law now 
makes it compulsory to plug all old or abandoned wells. 

The brines of the Saginaw Valley, as shown by the analyses given 
below and those on pages 81 and 82, contain considerable bromine, cal¬ 
cium, and magnesium. The bromin e and the calcium chloride, mixed 
with the magnesium chloride, beside the salt, are obtained at various 
plants in the district. The brine at the Dow Chemical Co.’s plant, 
Midland, is reported to contain ammonium, and some of the brines 
contain ferrous iron, which precipitates as basic ferric salts on ex¬ 
posure to the air and discolors the brine. The specific gravity and 
the bromine content of the brine increase toward the center of the 
basin, as the following analyses show: 

Analyses of natural brines of Saginaw Valley, MMi. 


[Analyst J C Graves, manager Saginaw Clieniical Works.] 


Constituent. 

1 

2 

3 

4 

tiodiumchloride(NaCl).... 
Calcium chloride CCaCljt).. . 
Ms^esium chlonde (MgClj) 

Bromine (Br). 

Ferrous chloride (FeClj)- 

Calmum sulphate (CaSOi).. 
Anunonia (NH») . 

.grams per hter . 

.do . . 

.do . . 

.do ... 

.... do ... 

- . do . . 

. - do . . 

11.4 

11.4 

4.2 

.172 

.06 

.0104 

14.7 

8.34 

3.15 

.13 

.045 

.023 

16.73 

4.11 

1.76 

.0625 

.005 

0.05 
23 70 
9.94 
.35 
Trace. 
Trace 

Specific gravity.. ... 

27.2424 

1.238 

26 388 
1-220 

22 0675 
! 1 182 

34.04 

1.33 


1. Brine, Mount Pleasant, Mjck 

2 Bnne, Midland, Mich 

3 Bnne, St- Charles, Mich- 

4 Bittern, St. Charles, Mich. 

Though details of construction and operation vary widely in the 
region around Saginaw and Bay City, only a few details of the 
manipulation prior to evaporation in the grainer call for specific 
mention. After the brine has been pumped from the well by the 
old-time sucker-rod and walking-beam system, or by the more 
modem methods, effort is made to aerate the brine thoroughly in 
order to oxidize and precipitate as much iron as possible. This is 
accomplished by plunging the brine; that is, by agitating it and allow¬ 
ing it to stand a given number of hours, say six or more—^the longer 
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the better. In plants where this prehminary aerating is not done 
the brino passes directly to the settling tanks, in which it is treated 
with milk of hme added by hand or automatically, agitated, and 
allowed to stand—^usually from 12 to 48 hours. Where the storage 
capacity is exceptionally large the brine is allowed to stand in the 
tanks as long as 6 days. 

The tanks used to settle the brine differ greatly in size and con¬ 
struction. They are 18 to 39 feet long, 16 to 26 feet wide, and 5 
feet to 6 feet 3 inches deep; their capacity ranges from less than 2,000 
to nearly 5,500 cubic feet. At the plant of the Saginaw Plate Glass 
Co. the tanks are 150 feet long, 20 feet wide, and 7^ feet deep, with 
a content of 22,500 cubic feet, and are constructed of concrete, the 
favored material in recently built plants. 

From the settling tanks the brine passes to the preheating tanks, 
which are 100 to nearly 200 feet long, S to 12 feet wide, and 5 to 6 
feet deep. Each tank, according to its size, is provided with 5 to 
10 steam pipes, 3.5 to 4 inches in diameter. Exhaust steam or tail 
water is commonly used to heat the brine, and the solution may be 
raised to 180° F. or to the temperature at which salt begins to form 
before it goes to the grainer. This is not the practice at all the 
plants. At the Saginaw Plate Glass Co/s plant the brine goes to a 
second preheater where exhaust steam raises the temperature above 
that in the first preheater where tail water only is used. 

The grainers are 112 to ISO feet long—150 or 160 feet being perhaps 
the commonest length, 8 to 12 feet wide, and 16 to 20 inches deep. 
They contain 5 to 8 steam pipes 3 to inches in diameter. TaJlow, 
corn oil, or some similar substance is used to the salt crust on 

the surface of the brine in the grainer. The hand-hfting process 
and mechanical rakers are both in use. 

There is great divergence in the quantity of salt made daily in 
grainers at different plants, according to the quantity and kind of 
salt desired, the volume and kind of steam available, and finally 
whether salt making is considered a vital part of the establish¬ 
ments. Also on the rapidity of manufacture depends the number 
of times that the pipes have to be scaled, but this also depends on 
the proportion of gypsum in the brine, which appears to vary more 
than might naturally be expected. Some firms, of course, may be 
more economical of heat than others and remove the gypsum from 
the grainer pipes oftener. 

DETROIT DISTRICT. 

The Detroit district includes all the saltr-making establishments in 
the southeastern part of the Lower Peninsula of Michigan; that is, 
those in the suburbs of Detroit, those southward on Detroit River 
at Del Ray, Ecorse, and Wyandotte, and those north along St. 
Clair River at Port Huron, St. Clair, and Marine City. 



74 


TECHN’OLOGY OF SALT MAKING. 


In this district as a whole, the salt-bearing rocks contain more 
than one, salt bed, and at different places brine is obtained from 
different beds, though in general the salt-bearing rocks lie at j)ro- 
gressively increasing depths northwest from Trenton through Detroit, 
Marine City, St. Clair, and Port Huron. 

The brine is raised by an- lifts and by forcing. In the latter system 
the water is forced down the outer pipe or casing and the brine 
flows out of the inner pipe or tubing. At one plant underground 
solution of a salt bed has gone so far that as many as four wells 
communicate freely. Some operators claim that the hydraulic pres¬ 
sure system is more satisfactory than the air-lift system. The brine 
as pumped is said to be fully saturated at most plants. 

Usually the brine is treated in settling tanks with milk of lime. 
The brine may be ^Timed mechanically as it is pumped into the 
storage tanks or the milk of lime may be added by the old-fashioned 
hand method. Then the solution is plunged. After treatment with 
lime, plunging from time to time, and standing several days, the 
solution goes to the preheating tanks. The settling tanks usually are 
30 to ISO or even 200 feet long, 10 to 20 feet wide, and 7 to 9 or 10 feet 
deep. In capacity they range from little more than 2,500 to more 
than 25,000 cubic feet. The preheating tanks are generally heated 
with exhaust steam, but some are heated with condenser water. 

Both mechanical and hand-raked grainers are in common use, 
especially the Willcox type of mechanical raker or a modification of it 
Cement-lined wooden or steel grainers are used as well as the regular 
wooden typo. The grainers are 100 to 150 feet long, 12 feet wide, and 
20 to 24 inches deep. They are usually equipped with 31-inch or 
4-mch galvanized-iron steam pipes, but those at one plant have ordi¬ 
nary iron pipes coated with whitewash, which does not contaminate 
the salt by falling off, because it is baked and thoroughly hardened 
by passing steam through the pipe before salt making starts. White¬ 
washed pipes shed gypsum more readily in scaling. The grainers at 
one plant where they are heated with direct steam arc V-shaped, 
being 18 inches wide across the bottom and 12 feet wide across the top. 
They are 8 feet deep and about 100 feet long. As the salt forms it is 
scraped from the bottom by an endless-chain raker or hoe and is 
dumped mto a trough by a pushing device like that ordinarily used 
in the Willcox raker. 

PRACTICE IN NORTHEASTERN OHIO. 

The centers of salt manufacture in northeastern Ohio are Cleveland, 
Cuyahoga County; Wadsworth, Medina County; Akron (Kenmore), 
Su mm it County; and Rittman, Wayne County, Brines are utilized 
in the manufacture of soda products, but not of salt, at Barberton, 
Summit County, and at Fairport Harbor, Lake County. 
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In this region the hydraulic-pressure method of lifting brine is used. 
Some operators claim that the method gives a stronger solution and 
IS easier on machinery than the air lift. At some of the plants, hovr- 
over, the brine is raised by aii* lifts. At one plant a combination 
method is used, the brine being forced to within 800 feet of the surface 
by hydrauhc pressure and the rest of the way by an* lift. The brine 
as pumped varies in strength from 94° to 100° salimeter, some of the 
firms aimmg to procure brine shghtly below complete saturation to 
avoid the pipes becoming stopped, as sometimes happens in pump¬ 
ing a fuUy saturated solution. 

At some plants the brine is treated with milk of lime m’storage tanks 
but this practice has not been necessary at all places. At one plant 
the lime is forced into the wells with the water and the resulting brine 
is said to be much clearer. In addition, lime is added to the brine 
in the setthng tank, but as a result of the preliminary imdergromid 
treatment the impurities settle more rapidly. The capacity of the 
settling tanks is 8,000 to 14,500 cubic feet. 

As a rule the majority of the grainers at a given plant are w^orkcd 
more rapidly than the rest; usually the rapidly operated grainers are 
heated by live steam and the slowly operated ones by the exhaust 
from them, or the rapidly operated grainei*s are heated by exhaust 
steam and the others by tail water. Grainers in which the salt is 
hfted mechanically and those in which it is lifted by hand are in use, 
but at any given plant the latter are usually fewer and are heated 
with exhaust steam or tail water. These arrangements are made m 
order to utilize all available heat and make a grade of salt that is 
always in demand. 

The grainers are made of iron, of ii*on lined vrith cement, or of wood 
lined with cement. Their lengths range from 80 to 150 feet, their 
widths from 10 to 14 feet, and their depths from 22 to 24 inches. 

FORMER PRACTICE AT PITTSBURGH, PA. 

The John A. Beck Salt Co , Pittsburgh, Pa , when in existence, 
used gi*ainers. The natural brine, obtained at a depth of approxi¬ 
mately 1,400 feet and raised by sucker-rod pumping, had a specific 
gravity of 9° B. After the impurities were precipitated by lime m 
the storage tanks the brine was concentrated in cylmdrical boilers at 
boiling temperature to a specific gravity of 16° B. The brine then 
flowed by gravity to four settling tanks, in the first of which lime was 
used. After standing in the settling tanks about four days and being 
concentrated to a strength of 20° B. (specific gravity 1.16), the brine 
went to the grainers. 

Each grainer was independent of the others; was 140 feet by 9 feet 
by 18 inches; and was fitted with three 4-inch copper pipes, through 
which the steam passed. The salt was hfted by hand to a central 
platform, 150 barrels being lifted from each grainer every 24 hours. 
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The bittern was utilized in the manufacture of bromine. The grainers 
were, with a single exception, quick-acting, and the brine actually 
boiled in them. 

PRACTICE IN KANSAS. 

Salt is made by the grainer process at Hutchinson, Heno County; 
Anthony. Harper County; and at Lyons, Rice County; also formerly 
at Sterling, Rice County; and Ellsworth, Ellsworth County. In 
Kansas, Hutchinson is the chief center of salt making by evaporative 
processes, including m this term the open-pan, grainer, and vacuum- 
pan methods. Some of the plants in Kansas are designed solely for 
salt making, but others are designed for manufacturing salt in con¬ 
junction with other products, such as ice. 

In the vicinity of Hutchinson and Sterling the fresh water for dis¬ 
solving the salt comes from the underflow of Arkansas River. This 
underflow contains dissolved mineral matter, so that some of the 
impurities in the bitterns come from it. The water used in dis¬ 
solving the salt at Ellsworth came from deep wells. 

The brine is raised by hydraulic lift, and pumped into the storage 
tanks. As a rule the brine is not treated with lime or soda ash. 
Exhaust steam is generally used for preheating the brine before it 
goes to the grainers. 

Grainers of both hand-hft and mechanical-rake types are in use. 
Tliey are constructed of steel or cement, range in length from 90 to 
180 feet, in width from 11 to 14 feet, and m depth from 18 to 20 
inches, and are heated with live or exhaust steam. In some plants 
the grainer pipes are coated with whitewash and heated prior to 
making salt, thus making the subsequent scaling easier. Grainers 
are scaled at intervals of 10 to 30 days. At some plants a little 
butter or oil is used to break the crust of salt as it forms and thus to 
hasten crystallization The plants are equipped to burn gas, but 
crude oil is used when no gas is available. 

PRACTICE IN TEXAS. 

Several plants, situated at Palestine, Anderson County, and at 
Grand Saline, Van Zandt County, produce all the salt resulting from 
the artificial evaporation of brine in Texas. 

The rock salt is dissolved undejground, and the resulting brine is 
raised to the surface by air lifts. The brine is treated with milk of 
lime in the storage tanks. Most of the grainers have mechanical de¬ 
vices for lifting the salt, but hand labor is used at a few. The graiii- 
ers are built of steel alone or of concrete or cement lined with tile 
Lengths rai^e from 75 to 150 feet, hut most grainers are 12 feet wide 
and 22 inches deep, the depth of the brine in them approximating 18 
inches Rakers with chain attachment are used at one plant. Oil 
is used at some plants to cut the grain of the salt. At Grand Saline 
the fuel is lignite, obtained 9 miles away, at Alba. 
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PRACTICE IK WEST VIRGINIA AND SOUTHERN OHIO. 
salt-:making centers 

Salt is made from natural briiios at Malden, Kanawha Comity, at 
AEason and Hartford, Mason County, W. Va . and across Ohio River 
from the latter towns around Pomeroy, Meigs County, Ohio. The 
peculiar treatment of the brines at these localities deserves specitd 
description. 

The composition of these brines is shown by analyses 13 to 17 in 
the table on page 82. 

PECULIARITIES OF BRINE 

Barium salts are present in the natural brines along the Ohio 
River. Such salts are not known in appreciable quantities in any 
other natural brines. These salts are now carefully removed by 
precipitation with salt cake before the salt-making process begins ^ 
Also, the Ohio River brines differ from the great majority of, if n<)t all 
other, natural and artificial brines in being practically free from sul¬ 
phate of lime. In the evaporation thin copper pipes are used in the 
different settlers and grainers. Were gypsum present, it would settle 
on these pipes and they would quickly be ruined by the hammering 
required to loosen it. The absence of sulphate of lime also is said 
to account for the salt not hardening. 

PRBTREATMENT IN MUD SETTLERS 

In the vicinity of Mason, W. Va., the wells are approximately 
1,100 feet deep, and the brine is pumped by the air-lift method from 
a depth of 500 to 600 feet. The strength of the brine is 8° B. (spe¬ 
cific gravity 1.058 at 60° F.). The brine goes to storage tanks, and 
from them to the heating tank. This is 70 by 10 by 2 feet and is 
divided into three compartments, through which the brine mixed 
with milk of lune is* circulated for the purpose of warming and 
clarif 3 ring it. Instead of milk of lime, alum may be used as a 
precipitant. The brine is not concentrated in the heating tank, and 
has actually a lower specific gravity on leaving than on entermg the 
tank because of its higher temperature. 

The furnace pans are arranged in four batteries or sections, and the 
brme is heated by means of refuse coal from mines near the plant. 
The firmg is usually done under one section of the furnace pans. 
Each of the first three sections contains 10 pans bolted together; 
each pan is 8 feet long and 3 feet wide, with ends less than a foot 
high, and sides not quite as high as the ends^ except that the two 
end pans have one side as high as the ends of an inside section, these 

o Skiruier, W W., and. Bauglmian, W. E., The removal of barium from brines used in. the manufacture 
of salt. Jour. Ind. and Eng. Chem., vol, 9, Jan, 1917, pp. lS-26. 
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sides forming the ends of the section Each section is thus practi¬ 
cally a single pan 30 feet long, 8 feet wide, and slightly less than a 
foot deep, with low transverse partitions. The fourth section is a 
single pan of the same dimensions, but without transverse partitions. 
Above the heating pans is a steam chest, and the low-pressure steam 
from the boiling brine iii the pans furmshes the heat for the subse¬ 
quent evaporating in the mud and draw settlers and in the grainers. 
Copper pipes convey the brine from one section to another, and log 
and iron pipes convey the steam from the steam chest to the settlers 
and the grainers. 

The heated brine flows from the furnace pans to three mud settlers, 
each 130 by 10 by 2.5 feet and provided with two 5-inch copper 
pipes. The brme runs into one end of the first settler and circulates 
round a central partition, leaving the first settler with a strength of 
16° B. (specific gravity, 1.124),“ In hke manner, the brine circulates 
through the second and third mud settlers, leaving the latter with a 
strength of 18° B. (specific gravity, 1.142). Alum is added in the 
first mud settler to help clarify the brine, and a mud or sludge con¬ 
taining iron oxide separates in these settlers. 

Prom the mud settlers the brine goes to two draw settlers, each 
raeasurnig 130 by 12 by 4 feet and having four 5-inch copper pipes. 
In general the brine circulates continually through the draw settlers, 
but can stand m them mi til it reaches a concentration of 21 ° to 22° B. 
At some plants the brine does not pass through both draw settlers 
but IS concentrated in one of them and passes thence to tho grainers. 

The ])rino passes through the grainem in succession as the bittern 
increases in strength. There are seven gramers m series at the plant 
described. When the salt is ready to be lifted, that in the last 
grainer, the one farthest from the draw settlers, is lifted first, after 
the bittern has been removed to the brommo plant. The bittern in 
the next precedmg grainer is allowed to run into the last grainer and 
the salt in that gramer is then removed, and so on. Then the first 
grainer is filled from the draw settlers and the operation is repeated. 
As a result of this procedure the best salt comes from the first 
gramer and the poorest from the last. Tallow is used to cut the gram 
of the salt and to hasten granulation. The salt is hfted once in 24 
hours, the period of formation being about 18 hours. 

The grainers at this plant are of three different types: (1) Cement 
with tile floor, (2) wood with cement bottoms and tile floor, and 
(3) wcK>d with tile floors. The grainers usually contain three or 
four copper pipes 5 inches in diameter. The salt was formerly lifted 
by hand onto wooden platforms (see PL XIV), but it is now mecha n - 
i cally raked. At other plants the grainers h ave mechanical rak^ers 

foUowjng formula IS correct at 60’F: Speciacgravity* 
144.3"—ny* specific gravities mentioned subsequently are assumed as at 60® P, 
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driven by brass chains on brass cog wheels. Where the latter are 
used each grainer is independent and is thoroughly cleaned about 
every six days; the bittern goes to a refuse grainer in which it is 
concentrated to the strength requisite for the bromine plant. The 
salt made in the refuse grainors is low grade, but finds a market. 

PRETREATMENT BY FILTRATION. 

The brine from the wells at Pomeroy, Ohio, which has a strength 
of about 11° B. (specific gravity, 1.083), is pumped into two circular 
storage vats; then it flows into a heatmg tank, where it is heated luke¬ 
warm by steam from the evaporator. The heating tank is 40 by 8 
by 2 feet and is divided into three compartments. 

The brine next goes to an inclosed evaporator, where it is boiled and 
concentrated to 15° B. (specific gravity, 1.125) chiefly by the exhaust 
steam from the engines, the steam from the boilmg brine being used 
to concentrate the brine in the settlers and grainers. It then goes 
to a tank, 20 by 6 by 8 feet, from which it is pumped to two filtering 
tanks. Each of these is 8 feet deep and 15 feet in diameter, and is 
filled with sand. One is used while the other is being cleaned; and 
one is cleaned daily. Fresh water is forced upward through the sand. 
The wash water is wasted. 

From the filtering tanks the brine rmis to the two mud settlers, 
which are 90 by 12 by 3 feet and have three 5-inch copper pipes for 
steam. The brine leaving the second mud settler has a concentration 
of 18° B. (specific gravity, 1.142), and is concentrated in a third 
settler to a strength of 19° B. (specific gravity, 1.151). Thence the 
brine passes to the two draw settlers, which are 160 by 12 by 5 feet 
and are provided with copper steam pipes. Each of these is inde¬ 
pendent of the other, and furnishes its own quota of brine at 24° B. 
(specific gravity, 1.2) to the grainers. There are six grainers, count¬ 
ing the one that contains the bittern for the bro m ine plant. Salt is 
made in the graineis for 6 days and at the end of the sixth day each 
grainer is emptied, the liquor going to the last or bitter-water grainer, 
in which it is concentrated to 39° B. (specific gravity, 1.37) for the 
bromine plant. The salt is removed from the grainers mechanically 
with rakers on an endless chain. 

TREATMENT AT MALDEN, W. VA. 

At Malden, W. Va., the brine has an average strength of 8° B. 
(specific gravity, 1.059) as it comes from the wells. It is pumped to 
a storage tank measuring 50 by 25 by 4 feet, whence it passes to the 
preheating tank. There it is heated with steam from the evapo¬ 
rators to 160° P. Prom the preheating tank the brine passes to three 
evaporators, two of which measure 30 by 12 feet by 14 inches, and 
the third 45 by 12 feet by 14 inches. Natural gas and slack coal are 
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the fuels. The brine from the evaporators has a strength of 11° B. 
(specific gravity; 1.083) at boilmg temperature and goes to the mud 
settlers. The first and second of these measure 160 by 10 by 2 feet 
and are divided into two compartments, each containmg a 5-inch 
copper pipe. The third and fourth settlers are 160 by 12 by 2 feet 
and are divided into three compartments, each containmg a 5-inch 
copper pipe. All are made of wood. 

The brine leaves the several settlers at concentrations of 15° B. 
(specific gravity, 1.116) at 150° F., 17° B. (specific gravity, 1.143) 
at approximately the same temperature, 19° B. (specific gravity, 
1.151), and 21° B. (specific gravity, 1.170); then it goes to the draw 
settler, a cement-lined wooden frame 160 feet long by 12 feet wide by 
2.5 feet deep, provided with three 5-inch copper pipes. In it the 
brine reaches a concentration of 23 ° B. (specific gravity, 1.190). From 
the draw settler the brine goes to the five gramers, through which it 
circulates in series. The salt is lifted by hand. Two of the grainers 
are built of wood lined with tile, and three are built of cement. Each 
measures 160 by 10 feet by 18 inches. As the brme passes from one 
grainer to another its specific gravity gradually increases from 24.5° 
to 26.5° B. (specific gravity, 1.204 to 1.225) in the first to 32° to 36° B. 
(specific gravity, 1.284 to 1.332) in the last. From the last grainer 
the bittern flows to a reservoir to cool before entering the bromine 
plant. 

EECOVERY OF BEOMIEE. 

Where bromine is obtained from bitterns resulting from the manu¬ 
facture of salt, it may be said to be an adjunct of the grainer process 
of salt making. For this reason it has been thought best to describe 
bromine recovery in this place. It must be remembered, however, 
that a large part of the bromine produced as such or in the form of 
bromides in the United States is not connected with salt manufacture. 

HISTORY. 

Bromine manufacture in the United States dates back to approxi¬ 
mately the middle of the nineteenth century. U. S. Patent 12077, 
issued to Amalie Stieren of Natrona, Pa., ^Dec. 12, 1854, and 
reissued, describes an '^improved process of treating the mother 
water of salines to obtain useful products.” It describes operations 
for obtaining magnesium sulphate, iodine, and bromine from the 
bitter water of saline springs. 

This patent was followed by others in the sixties issued to persons 
living at Freeport, Pa., and to persons living at Hartford City, 
W. Va., Pomeroy, Ohio, 1873; Clifton, W. Va., 1873; Mason City, 
W. Va., 1875; Allegheny City, now a part of Pittsburgh, Pa., 1887; 
and Midland, Mich., 1891. Thus the early inventions serve in part 
as a geographical index of the localities where natural bromine-bearing 
brines are known in the United States. 
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PRODTJOTION CENTERS. 

Bromine is now made in Michigan at Sagmaw and St. Charles, 
Saginaw County; at Bay City, Bay County; at Midland, Midland 
County; and at Mount Pleasant, Isabella County. At Midland and 
Mount Pleasant, the bulk of the bromme is not marketed as the 
element, but in the form of sodium, potassium, ammonium, and 
other bromides. In the Ohio VaUey, bromme is also made at Pome¬ 
roy, Meigs County, Ohio, and opposite Pomeroy at Mason and Hart¬ 
ford, Mason County, W. Va. Malden, Kanawha County, on the 
Kanawha Eivet, a short distance above Charleston, is also the site 
of a bromme mdustry. Until within a iew years bromine was 
recovered at Pittsburgh, Pa., but the weakening of the brine stopped 
the work. 

At most of the locahties mentioned above, possibly at all except 
Midland, Mich., bromine is made in connection with the manufacture 
of salt and calcium chloride. In Ohio, West Virginia, and in the Sagi¬ 
naw Valley outside of Midland and Mount Pleasant, the salt is first 
removed from the natural brine, and subsequently the bromine and 
the calcium chloride, the former by chemical means, sulphuric acid 
and an oxidizing agent being employed. In Midland and Mount 
Pleasant different methods of manufacture are employed. 

Analyses of bromine-bearing brines are shown in the table fol¬ 
lowing: 



Results of analyses of natural brines hearing hromine and ialimm vloride 
[Anal^heubyW B Hicks] 

RADICLES IN PERCENTACE OF ANHYI»R^^T^S KESIDT'i: 
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COMMENTS ON THE INDtrSTRY. 

The usual typo of bromine plant, one involving salt wells and salt- 
making apparatus, has survived in the United States only by virtue 
<kf exceptional economic conditions. Cheap coal or other fuel and 
distance from competing centers have doubtless been factors. 

Bromnie is made from natui*al brmes that are not of the same 
purity as the artificial brines, so called, from which salt is made in 
Now York, northern Ohio, and along the Detroit and St. Clair 
Rivers m jMichigan. The natural brines are not so saturated as 
those obtained by dissolving rock salt, hence they require more heat 
for evaporation. In places the evaporating apparatus for natural 
brme has also involved the use of copper and brass instead of iron, 
which is used in the evaporating equipment for artificial brines. 
For these reasons and others competition with salt made from rock 
salt has in the course of years grown more severe, and the salt and 
bromine industry along the Ohio and Kanawha Rivers and in the 
Saginaw Valley has steadily dimmished. 

Without doubt, under the conditions existing before the war in 
Europe began, there was an oversupply of bromme readily available 
in the world’s market, and prices wore so low that certain bromme 
manufacturers were compelled to store their product to wait for 
higher prices. 

Much bromine is found in connection with the potasKsalts deposits 
at Stassfurt, Germany. The bromine is said to occur in the form of 
brom-carnallite (klgBrjKBr fiHgO) isomorphous with ordinary car- 
iiallite Although the Germau deposits furnish more than half of the 
world’s supply of this commodity, much German bromine has gone 
to waste and new uses have been urgently sought for it. The sum of 
$2,500 has been offered by the Deutsche Bromkonvention GeseUscliaft, 
Leopoldshall-Stassfurt, to the discoverer of a process or compound 
leading to a new or increased consumption of bromine. The terms of 
the reward were that the discovery should represent a technical inno¬ 
vation and not adversely affect existing uses of bromine. The process 
should also lead to a considerable increase in the European consump¬ 
tion of bromine.® 

Bromine manufacture in the United States has undergone many 
spectacular changes since the European war began. Before the war 
low prices of bromine had compelled some manufacturers to store 
their product. When the supply of bromine from Germany, and 
especially the supply of bromides, was cut off, the domestic facilities 
could not supply the American demand, and prices soared. In a 
comparatively short time conditions changed, and this country with¬ 
out doubt can now supply its own requirements. 

a Joiajnal ol Industrial and Engineering Chemistry, Wanted* New uses for bromine, vol. 5, September, 
1913, p 780 
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While the demand was greatest, many new producers entered the 
field, and as a result there were adjustments in the industry. Now 
the effects of the larger facilities are being felt. Most of the smaller 
concerns that entered the industry at the beginnmg of the war have 
been well paid, however, for their trouble. Most of the changes in the 
industry have taken place in the Saginaw Valley, IMich., one of the 
few important bromine-producing fields in the United States. 

One of the readjustments since the war broke out is that of the 
many plants making salt in the vicimty of Saginaw, Mich.; a few firms 
only now make bromine. These buy all the mother liquor pro¬ 
curable from the salt concerns that do not utihze it. Thus the manu¬ 
facture of bromine and calcium chloride from the mother liquor is 
now carried on at a comparatively few plants and the mother liquors, 
such as were largely wasted four or five years ago, are now all being 
utilized. 

METHODS OF MAKING- BKOMINE. 

Bromine forms chemical compounds m natural brmes, but is 
present only in small proportion, as the table of analyses on page 82 
indicates. In these brines it is always associated with other salts, 
the principal ones being the chlorides of sodium, magnesium, and 
calciimi. Generally bromine is obtained from the mother liquors 
that result from the crystallization of salt from brines, but at Midland 
and Mount Pleasant, Mich., the Dow Chemical Co. extracts bromine 
from unconcentrated brine. 

There are at least three standard methods employed in making 
bromine. At least two, and possibly the entire three, are now in 
use in the United States. They are known as (1) the periodic or 
intermittent process, (2) the continuous process, and (3) the electro¬ 
lytic process. 

PERIODIC OR INTERMITTENT PROCESS. 

The periodic or intermittent process of making bromine ia in use 
along the Ohio River in Ohio and West Virginia, at Malden, W. Va., 
and at Bay City, St. Charles, and Saginaw, Mich. The standard 
practice along the Ohio River may be taken as typical. 

PRODUCTION OP BROMINE IN OHIO AND WEST VIEGINIA BY INTERMITTENT PROCESS. 

In southern Ohio and West Virginia, after the removal of the bulk 
of the salt in the main grainers, the bittern in the last grainer is further 
concentrated to the strength desired for entry to the bro m ine still— 
usually to 39° to 41° B. (specific gravity, 1.370 to 1.397 at its highest 
temperature). 

The bromine still is made of sandstone. Though a local sandstone 
is used at one plant, a sandstone from Buena Vista, near Portsmouth, 
Ohio, seems to be in general use, and it is said to be practically free 
98088°—17-Bull. 140- 1 
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from iron oxide and of close texture, a combination of chemical and 
physical properties that ■R'eU adapts it for the purpose. Stills are 
built in various ways. Some consist of cubical or rectangular 
blocks hollowed out and placed together edge to edge, so that the 
hollow parts form a single interior chamber, and some are built up 
of sandstone rings, 6 inches or more thick, clamped together and 
cemented with acid-resisting and bromine-resisting material like 
asbestos or white lead and cotton. The top and bottom slabs are 
usually the thickest. Holes in the top slab admit the brine and the 
chemicals. The working capacity of the stills ranges from 400 to 
1,200 gallons of liquid. 

Sodium chlorate and sulphuric acid of 66° B. are used in liberating 
the bromim* from the bittern. Formerly manganese dioxide and 
sulphuric acid were used and later potassium chlorate and sulphuric 
acid. Comparison of the molecular weights of potassium cMorate 
(123) and sodium chlorate (107) shows that the latter compound is a 
more ejEcient oxidizing agent than the former, weight for weight, 
without reference to the lower price of the sodium compound, which is 
now used almost exclusively. Some firms use 60° sulphuric acid, 
which costs less than the 66° acid. The readiness, however, with 
which the more dilute acid attacks iron, especially the iron tanks 
used to transport it, has caused the more concentrated acid to displace 
it almost completely. 

After the bittern enters the stdl and the requisite amounts of sodium 
chlorate and sulphuric acid are added, a jet of steam is discharged 
into the solution. As the temperature rises, a reaction, approxi¬ 
mately represented by the following equation, takes place: 

3MgBra-|-3H2S04d-Na0103=6Br+NaCH-3MgS04-f-3H20 

The bromine set free passes from the still as a gas. But the reac¬ 
tion are. more complex than the equation indicates, for some chlorine 
is liberated and passes from the still with the bromine. The latter 
is freed from chlorine, by passing through washers filled with milTr of 
lime [CafOHla], which forms, with the chlorine, calcium chloride 
(CaCla) and calciurn hypochlorite [CaCOCDJ. Some bromine is taken 
up by the lime but is recovered later. The bromine distilled goes to a 
condenser. This is a rectangular box about 5 feet long, through 
which ttoee lead pipes extend from the still to three glass collecting 
bottles in series, sealed to one another and to the worm with mud or 
clay. Any bromine that passes the last bottle is caught in towers 
6 to 8 feet high and 2 or 2.5 feet in diameter made of sewer pipe 
and filled with coke. Any bromine water that collects in them runs 
out at their base. The bromine caught beyond the first bottle is 
T^ally rather dilute, and may be returned for further distillation. 
About 35 pounds of bromine is obtained from 700 gallons of bittern 
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having a strength of 40® B. The amounts of sodium chlorate and 
sulphnric acid necessary depend largely on the concentration of the 
bittern. 

DISTILLATION OF BEOMINE IN MICHIGAN.® 

The old practice in hlichigan did not differ fxuidamentally from that 
described above. After the. bulk of the salt has been removed in the 
grainers, the bittern or mother liquor containing the more soluble 
salts in the form of calcium and magnesium chlorides, bromides, 
and iodides is run into other tanks or grainers, where it is further 
concentrated to a specific gravity of 30° or 31° B. Of course, salt 
separates in these grainers, after which the liquor is ready for the 
bromine stills. 

The boiling bittern is run into sandstone stills having a capacity 
of 400 to 1,000 gallons, and treated with dilute sulphuric acid and 
sodium or potassium chlorate, which produces free chlorine, which in 
turn liberates the bromine from its combinations. 

Formerly manganese dioxide was used in the place of chlorate, as 
was also true along the Ohio River, but it has been discarded for 
economy and ease of handling. Most of the Michigan makers of 
bromine in recent years have employed sodium chlorate instead of 
potassium chlorate for the reason already given—^its producing 
more bromine per pound. 

The bittern in the stiH is kept boiling by the continuous inflow 
of steam, and the bromine is blown out by the same means. The 
bromine vapor and water coming from the still am. condensed in 
lead pipes running through cold water contained in a rectangular 
box 5 to 6 feet long and 3 feet deep. 

The lead condenser has always been objectionable, as it requires 
frequent renewal at considerable expense. The writer was told that 
the lead coils are serviceable for 30 to 50 runs. Provided a still holds 
500 gallons per run, a lead coil would serve at the maximum for 
distillation of fifty times 500 gallons, or 25,000 gallons of liquid. The 
bromine made in such lead coils, moreover, is apt to he contaminated, 
as the bromine attacks lead. There has been a tendency to replace 
lead coils with hollow earthenware disks and coils of the same mate¬ 
rial- These work perfectly and tend to preserve the purity of the 
bromine. They are somewhat fragile, and those that are of foreign 
make are not readily procurable, especially at present (1916). The 
lead coils in common use are not nearly as long as the earthenware 
coil, but this drawback appears not to be insurmountable. Lead 
worms seen by the writer were 16 feet long, whereas the earthenware 
worms were 40 feet. 

The bromine is collected in stoneware receivers and is separated 
from the accompanying water. If it is not up to the standard of the 

aDielil, O C, The technology of bromine: Mineral Industry during 1908, vol. 17,1909, pp. 99-94. 
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United States Pharmacopcea, which calls for 97.6 per cent bromine, 
it has to be brought up to this standard by any proper means. It 
is marketed in bottles holding 6 ^ pounds. The process outlined above 
is not in use either at Midland or Mount Pleasant, according to the 
writer’s present information. 

DRAWBACKS TO PERIODIC PROCESS. 

According to the common chemical method of making bromine, 
described above, the mother liquor or bittern obtained from con¬ 
centrating the natural brme and removing the salt from it, is boiled 
with an acid and oxidiziag agent to liberate the bromine. The bro¬ 
mine and steam are then condensed, and the former separates by 
virtue of its specific gravity and its insolubility in water. 

This method of bromine manufacture is costly because of the great 
volume and weight of the solution from which the desired end prod¬ 
uct is distilled. Moreover, large apparatus is required to handle the 
liquor and considerable heat for distillation. Other drawbacks to the 
chemical method are loss of time and materials and a rather low 
efficiency, the recovery of the bromine present in the original brine 
from the mother liquor being only 60 per cent. 

RECENT DEVELOPMENTS IN PREPARING BROMINE. 

Recent patents outline methods of preparing bromine by oxidation 
reactions similar to those employed in the ordinary chemical processes 
that have been described. However, the methods of producing the 
original bromides or bromates are not given, but they may he made 
by the continuous process subsequently described. 

Barstow ® has devised a process in which the liberated bromine is 
separated by gravity from the accompanymg solution. A strong 
solution of the bromide and bromate is made up, sodium bromide 
and either sodium or potassium bromate being usually employed. 

The bromide and bromate are generally used in proportions of 5 
of the former to 1 of the latter, as indicated in the reaction below. 
The prepared solution is run into a cement-lined tub having a cement- 
covered agitator and a lead worm. Sulphuric acid is added slowly; 
the solution is agitated and the temperature is kept low by means of 
the coolmg cod, but above the crystaUizing point of the sodium sul¬ 
phate formed. Enough acid is added to combine with the bases 
present, as indicated by the reaction. 

5 NaBr-4" NaBr03-j-3 H 2 S O 4 =3 Na2S O 4 -f" 6 3r-j-3B[2^ • 

The bromine precipitates as a heavy liquid which is only slightly 
soluble in the strong sulphate solution. After all the acid required 

o Barstow, E. O., U. S. Patent No. 1X41922, June 8,1915, assigned to the Dow Chemical Co, of Mid¬ 
land, Mich. 
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has been added, the solution is cooled substantiaEy to the crystahizing 
pomt of the sulphate. The bromine collects on the bottom of the 
container and may be drawn off from beneath the sidphute solution. 
It has been found that where sodium bromide, sodium bromate, and 
sulphuric acid are used, about 95 per cent of the bromme in the 
bromide and bromate may be drawn off as liquid bromine, only a 
small quantity remainmg dissolved in the sulphate solution. The 
traces of bromme that remain in the solution may be recovered, if 
desired, by blowmg them out with, a current of air and absorbing 
them in an alkali solution. 

It is thus possible to obtain the desired product, namely, liquid 
bromine, as a direct result of a single reaction involved in the process. 
This is accomphshed without any wasteful expenditure of heat, in the 
form of steam, and at the same time it does away with the necessity 
for handling hot bromine vapors, which are both coiTOsive and very 
unpleasant to deaj with. 

Barstow ® has devised another and different process of preparuig 
bromme. 

In this process a strong iron bromide solution is used, and obviously, 
the bromme occurrmg in the natural brines, magnesium bromide, 
sodium bromide, etc., must be converted into iron bromide by any 
of the usual methods before the process may be employed. 

Figure 3 shows a diagram of the apparatus. The strong iron bro¬ 
mide solution is fed into the top of a tailmgs tower, 1, the solution 
being supplied from a tank, After descendmg through the tailings 

column the solution passes through a condensing coil, 3, thence 
through a reaction column, in which it meets a rising stream of 
chlorme gas supplied from a gas main, 5, The chlorine reacts with 
the iron bromide, formmg iron chloride and hquid bromme in accord¬ 
ance with the following reaction, in which the values of x and ij vary 
with the relative proportions of FeBr 2 and FeBrg m the iron bromide 
solution: 

FeBr:B+Cl2,=FeCh+a:Br 

A strong iron chloride solution and liquid bromine are thus pro¬ 
duced, the latter being only sparingly soluble in the former. Some 
heat is generated in the reaction, which may vaporize part of the 
bromine, but the bromine vapors will be condensed in the condenser 3 
and flow back into the column 4* If ^ small quantity of bromine 
vapor be carried through by the air that may he intermmgled with 
the chlorine, it will be absorbed in the tailings tower 1 by the fresh 
iron bromide solution entering from tank 2, as such solution usually 
contains some ferrous bromide, for the reason that the strong ferric 
bromide solution is a good mechanical absorber of bromine, and the 

« Barstow, E. O , U. S. Patent No. 1141921, June 8,1915, assigned to the Dow Chemical Co., of Midland, 
Mich 
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ferrous bromide present is an active chemical absorbent. The 
hromiiio is thus kept from escaping from tho system, and any air 
fed into the reaction column with tho chlorine escapes through the 



exhauster 6 that maintains the flow of chlorine upwardly through the 
reaction column 4- The mixture of strong iron chlonde and hquid 
bromine flows downward through the reaction column and from it 
through a cooling worm 7 to a container 8, where the bromine sepa- 
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rates by gravity from the iron chlonde solution. On account of the 
greater specific gravity of the bromme it sinks to the bottom, and 
the separation of the two hquids is sufficiently perfect to make it 
possible to draw them off by two separate spigots 9 and 10. The 
bromine obtained usually contains considerable chlorine, which is 
removed by agitation with a bromide solution, preferably iron bro¬ 
mide, such as is used in the principal reaction. A small part of the 
bromme, moreover, will remain dissolved in the iron chloride solu¬ 
tion, but this may be removed, if desired, by throwing it out with a 
blast of air and absorbing it in any suitable way, for example, with a 
solution of ferrous bromide. 

The process described does not require any steam and obviates 
handling hot bromine vapors, which are both corrosive and un¬ 
pleasant to deal with. When a sufficiently strong solution of iron 
bromide is used it has the further advantage of producing a solution 
of iron chlonde with a specific gravity of 35° B., or more, which is 
an article of commerce. If the bromine were separated by the 
usual processes of injecting hve steam, the chloride solution would 
be so dilute as to require concentration before becoming available 
for sale or for ordinary commercial use. 

CONTINUOUS PROCESS. 

The disadvantages outlmed under the intermittent method of 
making bromine have led to the adoption of what is usually known 
as the continuous process, a chemical as contrasted with the elec¬ 
trolytic method, in which the electric current sets free the bromine. 
In the continuous process chlorine gas is the agent used to liberate 
the bromine from its combinations, and the chlorine may be made 
by any convenient means, for example, by electrolysis of a pure or 
impure sodium chlonde solution, or by combiaing such chemical 
compounds as wiU produce chlorine, for example, bleaching powder 
and sulphuric acid. 

The chlorme gas that is produced in standard cells of different 
types, or by other means, is passed through the bromine-bearing 
brine. The bromine is hberated according to the simple reaction 


MBrs+Cb^MCb+Brs 

in which M stands for metal, leaving the bromme mechanically held 
in the solution. The bromine is recovered from its solution in the 
brine by air currents brought into contact with it. The bromine- 
laden air is then brought into contact with such substances as will 
readily form a chemical combination with it. Iron may be used, a 
solution o£ferric bromide being formed. If a solid is desired, ferrous 
bromide may be made from the ferric salt by suitable moans. 



92 


TJSGHISOLOOV OF SALT MAKIITG. 


A remarkable series of patents have been taken out by Herbert 
H. Dow, of the Dow Chemical Co., of Midland, Mich., relating to the 
preparation of bromine by the continuous process. 

The series of patents begms with one descnbing a “process of ex¬ 
tracting bromine,” No. 460370, dated September 29, 1891, and a 
reissue patent No. 11232, dated April 12, 1892, with the same title. 
These two patents will be briefly outhned. 

Many salt wells, especially in Saginaw VaUey, will not pay when 
worked for salt alone, owmg to the low price for that commodity. 
When the brine from such salt wells is rich m bromine, it is of con¬ 
siderable commercial importance to be able to extract it cheaply 
without iacurring the expense of evaporatmg the bnne. The pro¬ 
cess described, however, is applicable to bitter waters after the salt 
has been removed from them. 

Electricity, chlorine gas, or a combination of compounds that will 
produce chlorine gas, for example, bleaching powder and sulphuric 
acid, may be employed to liberate the bromine left in solution in 
the brine. 

The bromine is recovered after hberation from the brine by air 
currents which drive it out. The bromine-laden air is then brought 
into contact with any substance that will chemically combine with 
the bromine, for example, iron turnings or filings. Ferric bromide 
forms, which with the moisture absorbed from the air forms a solu¬ 
tion. If a solid is desired, ferrous bromide (which is a more stable 
compound when heated) may be formed by bringing the solution of 
ferric bromide into contact with iron and evaporatmg to dryness 
in a vessel from which air is excluded by steam. Other metals may 
be substituted for iron when other bromides are desired, and other 
gases, for example natural or artificial gas, may be substituted for air 
for driving the bromine from its solutions. 

The brine may be treated electrolytically in tanks or chlorine may 
be forced through it, either in the form of a gas as such or the chlorine 
may be formed by the interreaction between bleaching powder and 
sulphuric acid in the brine itself. The brine containing the bromine 
is drawn off into shallow tanks placed near the upper part of a closed 
space or room. The tanks are provided with a series of drip holes 
from which the brine showers down on sheets of burlap stretched 
on fi’ames in an inclined position. Wooden surfaces may be used 
instead of the burlap. A blower sucks air through the descending 
solution containing the bromine in such a way that fresh air comes 
in contact with the solution most depleted of its bromine. Thus all 
the bromine is removed from the solution, and the air ^s it passes on 
comes in contact with brine richer and richer in bromine. The air 
pa^es off through a duct, then through the bottom of a container 
which is partly filled with iron turnings or scrap iron, with which the 
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bromine unites to form ferric bromide. With the moisture there is 
formed a solution of the ferric bromide, which di*ops through a spout 
into a suitable stone container. The air from which the bromine 
is freed is again used, and so the process goes on. The lower floor 
of the apparatus is inclined so that the spent brine flows away through 
a trap and no air is wasted. 

These first patents were followed by others, which inyolve modi¬ 
fications and improvements, or relate to closely allied operations, 
such as the manufacture of bromides. Later patents are as follows: 

Process of extracting bromine from brine; No 714160, November 25, 1902, issued to 
Herbert H. Dow, assignor to tbe Dow Chemical Co , of Midland, Mich 

Process of manufacturing bromine, No. 733466, July 14, 1903, issued to Herbert H. 
Dow. 

Process of manufacturing bromides from bromine-containmg solutions. No. 733407, 
July 14, 1903, issued to Herbert H. Dow 

I^ocess of extracting bromine from brine. No 741637, October 20, 1903, issued to 
Herbert H. Dow, of Midland, Mich , assignor to the Dow Chemical Co., of Mdland, 
Mich. 

Process of fractioning bromine apart from chlorine, No. 752286, February 16, 1904, 
issued to Herbert H. Dow, assignor to the Dow Chemical Co , of Mdland, Mich. 

Process of fractioning bromine from chlorine, No 752331, February 16, 1904, issued 
to Herbert H. Dow, assignor to the Dow Chemical Co , of Mdland, Mch 

Process of manufacturing bromine from natural brines, No. 752332, February' 16, 
1904, issued to H. H Dow, assignor to the Dow Chemical Co , of Mdland, Mic h 

Method of converting bromine into bromides and bromates; No. 765417, July 19, 
1904, issued to H. H. Dow, assignor to the Dow Chemical Co , of ]Vndland, Mich 

Process of manufacturing bromides, No. 997972, July 18,1911, issued to H H. Dow, 
assignor to the Dow Chemical Co., of Midland, Mich 

Other patents relating to the preparation of bromine or halogen 
compounds, among which bromides are included, are as follows: 

Method of making haloids, No. 964156, July 12,1910, issued to James 0. Graves and 
John P. Simons, assignors to the Dow Chemical Co , of Mdland, Mich 

Method of noaldng halogens, No 1036121, August 20, 1912, issued to Coulter W. 
Jones and Arthur E. Schaefer, assignors to the Dow Chemical Co., of Midland, Mich. 

Process for the recovery of bromine, No. 1085944, Februarj^ 3, 1914, issued to 
Arthur E. Schaefer, of Saginaw, Mich. 

Method of extracting bromine; No. 1188838, June 27, 1916, issuetl to Arthur E. 
Schaefer, assignor to the Dow Chemical Co , of Midland, Mich. 

In this connection, two patent specifications issued to Herbert H. 
Dow and relating to electrolytic cells are of interest. These are as 
follows: 

Porous diaphragm for electrolytic cells and method of prodxicing same; No 621908, 
March 28, 1899. 

Method of and apparatus for electrolyzing liquids, No 1100290, June 16, 1914. 

ELECTROLYTIC PROCESS. 

The electrolytic process for making bromide depends on the prin¬ 
ciple that bromides decompose at a lower voltage than chlorides and 
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hence arc first decomposed by the electric current. Notwithstanding 
that the reaction is carried only far enough to liberate the larger part 
of the bromine, it always results in the production of some chlorine 
which subsequently has to be eliminated. Diaphragm cells may or 
may not be used. A weak current is used—^not more than 4 to 5 
volts. It is not known %vhether the process is used in the United 
States, but it probably is. Owing to the low concentration in bro- 
inides and the large bulk of liquor generally handled, and also to the 
formation of bromates and chlorates, the efficiency is low. 

One method of carrying on the process is as follows. The brine is 
run into long wide wooden vats in which carbon electrodes are intro¬ 
duced and in which the electrolysis takes place. The solution con¬ 
taining the bromine trickles continuously over a lattice work down a 
tall wooden tower, upward through which passes a strong air current. 
The bromine vapor is then passed through water and an aqueous 
solution is formed. The aqueous solution then trickles downward 
through another tower built of bromine-resisting material such as 
sewer pipe. In tins tower are coils of thin iron ribbon or wire. The 
iron combines with the bromine, forming bromide of iron. This com¬ 
pound is next treated with sodium, potassium, or ammonium hydrox¬ 
ide, depending upon the bromide desired. This mixture is boiled 
down in cylindrical iron tanks, and after the reaction is completed 
the precipitated ferric hydrate is filtered off and the clear solution 
further concentrated until the bromides crystallize out. These are 
dried over steam coils or in any other suitable manner. 

According to Blount and Bloxam,® ''Bromine is now also obtained 
from the Stassfurt residues by electrolyzing the liquors between car¬ 
bon electrodes in open vessels, through which the liquid is passed at 
a certain rate. Up to 30 secondary carbon electrodes are placed in 
the vats, which practice permits a current of 90 volts to be used. 
This is found to give the maximum efficiency. The bromine liberated 
remains dissolved as such in the liquid and is separated at a subse¬ 
quent distillation. 

The crude bromine contains chloride of bromine and generally lead 
bromide and hydrocarbons, the latter being derived from tar joints. 
It is shaken with potassium bromide to decompose the bromine 
chloride, and distilled in glass retorts.” 

USES OE BROMINE. 

Bromine is used in the manufacture of certain coal-tar dyes such 
as the brom eosins, also in the manufacture of such bromides as potas- 
sium bromide, sodium bromide, amm onium bromide, and strontium 

a Blount, B., and Bloxam, A. G., Cheimstry for Engineers and Manufacturers, 1910, p. 459. 
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bromide. It is also used as a reagent m analytical chemistry and in 
the manufacture of certain organic bromides. The latter are used in 
photography and in medicine. 

Bromine has also been used in extracting gold from its ores and in 
refining platinum, and in connection mth the manufacture of Prus¬ 
sian blue and potassium permanganate. It is also a disinfectant. It 
is reported to have been used in the present war in the asphyxiating 
mixtures used in the trenches, its effects bemg reported to be most 
disastrous, and burns from bromine severe. 

It is considered dangerous freight by the transportation companies, 
and it sometimes appears in the form of ^^solidified bromine/^ 
patented by Frank. This consists of sticks of diatomaceous earth 
made plastic with size or molasses and then pressed into sticks of 
J-inch or ^-inch diameter, which are dried or burned till coherent, 
but not to the degree of losing their porosity. They are then soaked 
in liquid bromine contained m wide-mouthed, stoppered, glass 
bottles. The porous material absorbs 50 to 75 per cent of its weight 
of bromine, after which the excess liquid bromme is poured off. The 
sticks are sold in the same bottles. Bromine in this form may be 
used conveniently as a certain number of sticks represent a given 
weight of the substance, and the necessity for weighing the liquid 
itself is thus obviated. 

RECOVERY OF CALCITTM: CHLORIDE. 

Under this heading is considered only calcium chloride that is pro¬ 
duced in connection with the manufacture of salt and bromine from 
natural brines. The waste calcium chloride so largely produced in 
connection wdth the ammonia soda process at Solvay, N. Y.; Wyan¬ 
dotte, Mich.; Barberton and Fairport Harbor, Ohio; Hutchinson, 
Kans.; and Saltville, Va., is not considered, for such calcium chloride 
derives its base from limestone and its acid from common salt, and 
it is not, a.s such, an original constituent of the brine. 

OHIO AND WEST VIRGINIA. 

In the chemical process of making bromine the bittern from the 
bromine stills goes Erectly to the calcium chloride plant. Here it is 
generally first neutralized with lime and allowed to settle as long as 
necessary; it may go to a rectangular vat for further concentration. 
After having settled it is rim to the kettles for final evaporation. 
The kettles are cylindrical with conical bases fitted with steam coils; 
some also being provided with steam jackets through ■which live 
steam is passed. The liquor is boiled in them to the consistency of a 
thick sirup. A plug is then drawn from the bottom of the kettle 
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and the thick liquid is run into metallic drums, in which it solidifies 
on cooling. It is then ready for market. 

.iinalyses of the brines are shown in the table on page 82, 

MLCmCrAJH. 

When bromine is not recovered from the mother liquor resulting 
from the extraction of salt, as was the case formerly at certain plants 
l)efore the recent demand caused by the European war sprang up, 
such mother liquor is directly evaporated for its saline content. 

After the salt has been separated in the main grainers and the 
latter are ready to be cleaned, the bittern is further concentrated 
in another grainer or set of grainers to a specific gravity of or 
31° B. Of course, salt separates in this second set of grainers, 
after which the bittern goes to the calcium chloride works. Here the 
bittern is further concentrated to a strength of 45° B. The volume 
of this concentrated bittern is about 8,5 per cent of that of the 
original brine. The composition of this strongly concentrated liquor 
while at the boiling point is as follows: 

Composdwn of calcAum chlonde liquor. 


Calcium chloride fCaCI.). 34.50 

Magnesium chloride (MgClj). 11 . 60 

Sodium chloride (NaCll. None 

Water. 53 90 


100.00 

At Mount Pleasant the liquor from which the bromine has been 
recovered goes to the storage tanks of the salt block, where it is 
leated and agitated with milk of lime. After this operation ceases 
he suspended matter quickly settles, leaving a dear supernatant 
iquid above, which b evaporated in a modified form of open pan. 
After partial separation of the salt, the bittern is concentrated in 
another pan to 42° to 44° B. and is then run into a settling tank, 
where the rest of the salt settles out. The bittern is then boiled 
in a cauldron until all the water has been evaporated except that 
necessary for crystallization of calcium chloride. The liquid is then 
run into metal drums of 700 pounds capacity, where it solidifies, and 
in this form it is placed on the market. The liquid may be run in a 
viscous condition onto floors over which cold water is circulated m 
pipes. The sudden solidification produces a tension in the calcium 
chloride, and it may be readily broken by sledge hammers. It is 
passed through a rotary crusher, sized, and barreled for the trade. 

Analyses of the product at different plants are as follows: 
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Analyses of calcium cMoiide obtained from natural brines in Michigan, Ohio, 
Virginia, and Pennsyhania ' ^ 

RADICALS IN PERCENTAGE OF TOTAL WEIGHT 


Constituent 

1 

2 

3 

4 

' : 

0 

r 

K.. 



0 7 

0 8 

Trace 

Trace 

0 , 

0 2 


Na... 

- - 

- 


2 4 

3 7 

Trace 

0 . 

1 


Ca.. 



19 5 

19 6 

18 5 

24 

IS 9 t 

IS 4 

30 4 

- 

. - . 

- 

4 9 

5 1 

5 3 

b 3 

4 0 ' 

3 4 

1 S 

Cl. 



50 4 

53 9 

53 9 

02 0 

' 43 9 1 

42 0 

' 59 0 

S 04 

C 03 . 

. . 


None 

None 

None 

1 b 

[ None 1 

None 

Q 

Trace. 

Br. 



- : 

None. 

Trace 

None 

1 i?| 

*0 

None 

I None. 




7b 1 

81 8 

81 4 

94 5 , 

C9 S 

04 7 

1 91 4 

! 


CONVENTIONAL COMBINATIONS IN PERCENTAGE OF TOTAL WEIGHT 


KCl .... 

1 4 

1 5 

Trace 

Trace 

6 

4 i 


NaCl. 

1 0 

6 1 

9 4 

Trace. 1 

0 

3 


CaCl 2 . ... 

53 9 

54 2 

51 2 

6S 3 I 

51 4 

50.0 , 

84 2 

MgCla. 

19 2 

20 0 

20 8 

24 4 1 

17 2 

13 3 ' 

7 0 

CaS04. 

None. 

None 

None 

2 2 I 

a 9 

a 5 1 

Trace. 

- .... j 

None 

None 

Trace 

None ! 

1 3 I 

None ! 

None 

Water by difference. j 

23 9 

18 2 

18 6 

5 1 1 

29 0 

34 9 ; 

8 8 


100 0 

100 0 

100.0 

100 0 I 

1 

100 0 

100 0 1 

1 

100 0 


a CaCOg 


1 EurekaCaleium Works, Pomeioy, Ohio, 1911 R F. Gardinei, analyst. 

2. Liverpool Salt & Coal Co , Hartfoid, W. Va., 1911 R. F Gaidmer, analyst 

3. Hartford City Salt Co, Hartford, W Va, 1911. R. F Gaidmer, analyst 

4. J Q. Dickmson & Co , Malden, W Va, 1911 J X Cullen, analyst 

5. Sagmaw Chemical Works, Sagmaw, Mich. Traces of barium and strontium, 1911 R, F. Gardiner, 
analyst 

6 Van Schaaek Calcium Works, Mount Pleasant, Mich , 1911 R F Gardmer, analyst 

7 Pittsburgh Calcium Chloride Works, Pittsburgh, Pa, 1911 R F Gardiner, analyst 

Ill this connection, the magnesium chloride content is of mterest 
and importance. 

The bromine content of the sample collected at the Saginaw 
Chemical Works, Saginaw, Mich., points to the nonremoval of the 
bromine after the crystallization of the salt and before evaporation 
to produce the final product. It should be noted that the samples 
whose analyses are given above were collected in 1911. 

VACTTlTM-PAlir PROCESS. 

HISTORY. 

On July 16, 1839, John Keynolds in English Patent No. 8155, 
outlined a process for improving the manufacture of salt by causing 
the steam produced by boiling brme or salt water in a closed vessel to 
transfer its heat to and thereby boil brine or salt water in a second 
closed vessel, so that the steam from such second closed vessel may 
in like maimer transfer its heat to brine in a third vessel, and so on, by 
maintaining in each of a series of closed vessels in which brine is 
subjected to evaporation such relative pressure as will cause the 
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rospertive boiling pomts of the brine contained in each to be lower 
from the first to the last of the series, so that the steam or vapor pro¬ 
duced from the brine in each vessel may be condensed m a vessel 
of thin metal immersed in the brine of the next succeeding vessel. 
The graduations of pressure may be obtained either by diminishing 
a pressure superaddcd to that of the atmosphere, or by diminishing 
the pressure of the atmosphere alone.” ® 

The principle of multiple effect evaporation, however, does not 
appear to have begun with the evaporation of brine for salt. A 
catalogue issued by the Zaremba Co., of Buflfalo, N. Y., states that- 

Vacuum pans were first used in 1813 in the form of single effects in the manufacture 
of sugar These single effects comprised a single evaporator body consisting of a 
closed vaporizing element connected with a condenser and air pump, the heating 
element consisting of coils of piping submerged in the liquor The liquor was sub¬ 
jected to but one ebullition in a given evaporator, hence the name '‘single effect ’’ 
Here the theoretical efficiency was 1 pound of water evaporated per pound of steam 
used 

The second great step m evaporator development took place in 1830, when Killeaux 
broached the idea of multiple effect evaporation, in which, as a result of peiforming 
se\eral ebulhtions under varying degrees of vacuum, the amount of w^ork done by the 
steam is greatly augmented lie experienced great difficult-y in introducing his 
improvement, so much so that it took 30 yeai*s to bring it into general use in Euiopean 
sugar factories. 

So far as known, the first vacuum pan used in the United States 
for the manufacture of salt was started by Joseph M. and John H. 
Duncan, brothers, in the spring of 1885 at Warsaw, N. Y. 

In the fall of 1880 the Duncan brothers were sent by the American 
Dairy Salt Co., of S^^racuse, IST. Y., to investigate salt-making ma¬ 
chinery used in the East. The Duncans were particularly interested 
in the centrifugals and driers used in sugar manufacture, especiallv 
with reference to their possible adaptability for drying salt that came 
from the washing machines then in use. At that time all dairy salt 
was washed in machines with a solution of brine and soda ash to 
remove impurities. 

The Duncans became greatly interested in the vacuum pans used 
in making sugar; but on being informed that it was impossible to 
crystallize the sugar in the pans, the subject was dismissed for the 
time being until it occurred to them that vacuum pans might be used 
in strengthening the weak brines of the Onondaga Indian Reservation. 
On further investigating the subject, it was concluded that the 
project was not practicable and the subject was dropped. 

In 1883, Joseph M. Duncan left vSyracuse to become manager of 
the Warsaw Salt Co., Warsaw, N. Y., where he erected and operated 
a large plant. After this plant had been placed in operation^ experi¬ 
ments with vacuum pans in salt manufacture were again taken up, 

ti Thorpe, Edward, Dictionary of applied chemistry, vol 5, 1913, pp. 12-13, 
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the strong brines at the Warsaw plant being used. An experimental 
pan, about 4 feet in diameter, was built along the same hnes as are 
many of the vacuum pans in present-day use. Considerable trouble 
was experienced m crystalhng the salt, but after many experiments, 
success was achieved and the first salt made in a vacuum pan was 
produced. In the meantime, patents had been applied for. 

Joseph M. Duncan later left Warsaw, and the brothers organized 
the Duncan Salt Co. and m 1885 took over the plant of the Silver 
Springs Salt Co. at Silver Springs, N. Y. During 1886 or 1887 they 
constructed a vacuum pan 7 feet in diameter. This was the first 
commercial vacuum pan constructed for the manufacture of salt. It 
was a success from the start, so far as the production of salt was con¬ 
cerned, but great difficulty was experienced with the salt and gypsum 
that so coated the tubes that they required boiling and boring out 
every few hours at great expense. This discom'aging featm*e was 
gradually overcome as the Duncans became better acquainted with 
the brine and the proper treatment necessary to avoid these diffi¬ 
culties. 

Their experience led them to design a pan with the tubes in sec¬ 
tions, so that steam could be used on the inside of the tubes and the 
brine outside. This new type of pan gave better efficiency than the 
older pans and could be more readily cleaned. It also produced a 
much harder grained salt. However, the hard, small graia of the 
salt made difficult the marketing of the product. It received the 
name of ‘^musical salt,” for when put up in packages it gave forth a 
musical sound when the package was twisted, owing to the hardness 
of the crystals. Though small, the crystals were perfect cubes, and 
in hardness and shape were quite different from the crushed or 
ground salt then on the market. 

The Duncan brothers were also the first to employ the centrifugal 
principle for drying salt. In their plant at Silver Springs the bottom 
of their vacuum pan was constructed with a series of valves, so that 
the salt could be drawn directly from the pan into the centrifugal 
without the aid of an elevator or other machinery. This method of 
production gave their product a reputation for cleanliness. The 
Worcester Salt Co., of Silver Springs, N. Y,, formed by the union of 
the Duncan Salt Co. and the Nash-Whiton Co., employ pans of the 
sectional type. 

The E,. G. Peters Salt Co., of Manistee, Mich., so far as known, were 
the first to employ the vacuum pan in making salt m Michigan. 

PRODTTCTION* CENTERS. 

The vacuum-pan process is used in nearly all districts of the United 
States in which much salt is produced by evaporation. It is used in 
New York at Silver Springs, Ithaca, Ludlowville, and Watkins. In 
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Michigan salt is made by the vacuum-pan process at Del Ray, Wyan¬ 
dotte, and Ecorse, south of Detroit, and along St, Clair River at Port 
Huron, St. Clair, and Marine City, as well as at Ludington and 
Manistee and its suburbs in the western part of the Lower Peninsula, 
It is also used at Keninore, Wadsworth, Cleveland, and Rittman, 
Oliio, Hutchison, Kans., and near San Mateo and Alvarado and m 
San Francisco, Cal. 



CHABACTEB OF PK.ODXJCT. 

The salt produced by the vacuum-pan process has a fine luster and 
a closely even grain, which adapts it for table and dairy use. The 
crystals have nearly perfect cubical shapes that distinguish vacuum- 
pan salt from that made by other processes. The fine grain is due 
chiefly to the rapidity with which the salt crystallizes, and the rapid¬ 
ity of crystallization depends on the degree of vacuum, amount of 
st-eam, the height of brine in the pan, and other factors. 
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PBINOIPLE OP VACUTTM-PAN* PBOOESS. 

The vacuum-pan process in which multiple-effect evaporators are 
used represents the latest development in salt making. The appa¬ 
ratus used in it is more complicated than that employed in any other 
phase of the industry. The underlying principle of the process is 
the lowering of the boiling point of a liquid that results from decreas¬ 
ing the pressure of the vapor above the liquid. If a vessel of water 
is placed under the jar of an an pump and the air is partly exhausted 
the water will bod at a lower temperature than under ordinary 
atmospheric pressure, and the lowering of the boiling point wiU be 
greater the more nearly a perfect vacuum is approached. In vacuum- 
pan practice nearly complete exhaustion of the chamber can not, of 
course, be maintained, but the partial vacuum that is practicable 
effects appreciable lowering of the boiling pomt of the brine and 
consequently a distinct saving m fuel. For example, when the steam, 
which IS the means of heating the brine, is at a temperature some¬ 
what higher than 2‘12° P. and the brine under partial vacuum boils 
at about 150°, water wdl rapidly evaporate from the brine. 

Inasmuch as the boiling point of a liquid varies with the pressure 
to which it is subjected it follows that adjusting the pressure will 
produce corresponding changes of the boihng point, whereby it may 
be placed at will anywhere between certain practical limits. The 
lowest point is usually fixed by the cost of procurmg the vacuum and 
is about 125° F. The upper limit is fixed by the temperature of the 
steam used, which for exhaust steam is about 225° F, 

Obviously, with a given amount of heat for boiling, better results 
may be accomplished in a vacuum than under atmospheric pressure, 
and the greater the vacuum the greater the accomplishment with a 
given number of heat units. If, then, the cost of maintaining the 
vacuum, including the cost of the plant and its operation, is less than 
the value of the heat gained, evaporation of water by the vacuum-pan 
process is more economical than by the open-pan process. 

With the open-pan process the heated vapor, containing a con¬ 
siderable quantity of heat units, is entirely lost, whereas in the 
vacuum-pan process in multiple effect this heated vapor is used to the 
greatest effect. A point that should be firmly borne in mind is that 
with the multiple-effect vacuum-pan system, each vacuum pan acts 
not only as an evaporator, but also as a boiler produciog heated vapor 
or steam for boiling in the next succeeding pan and as the condenser 
for the pan immediately preceding. To make this point clearer, let 
assumptions be made as follows: The operation starts with steam 
from a main boiler plant that has a temperature slightly in excess of 
212° F. The steam is led through pipe of suitable diameter into the 
steam belt of the first vacuum pan and is there condensed. The heat 
is transmitted through the tubes and absorbed by the liquor to be 
08088°—17-Bull. 14()-8 
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boiled, wliicb is under a vacuum of 15 ancbes. The liquor in boiling 
gives oS heated vapor or steam, which passes as such to the steam 
belt of the second or No. 2 vacuum pan. This steam or vapor, 
instead of being at a temperature of 212^ F., is at the temperature 
involved in the 15-inch vacuum—^that is, approximately 175® F. 
With the liquor in the second effect under a vacuum of, say, 24 inches, 
the steam or vapor passing into it is amply hot to cause violent 
ebullition to take place. The ebullition m the second effect in turn 
produces heated vapor or steam, which is led to the steam belt of 
the third pan, which is under a vacuum of 27 inches. The steam 
from the second effect, which is at a temperature of 140® F., is amply 
hot to produce boiling in the third pan at the desired rate. The 
steam from the pan in which the vacuum is 27 inches at a tempera¬ 
ture of 110° F. is again in turn hot enough to produce boiling in 
the fourth effect, which may be assumed to carry a vacuum of 28^ 
inches. 

CONSTRUCTION OP APPARATUS.^ 

The vacuum pans usually are vertical cyhnders with conical ends 
and are commonly constructed of iron or steel, though a vacuum 
effect at one plant is built of copper heavily lined with tin. The 
detail drawings indicate their construction. The pans are mstalled 
singly, in pairs, in threes, and in fours, and with their mechanical 
attachments are referred to as effects.^’ Thus a single pan is a 
single effect, two pans in series a double effect, three pans a triple 
effect, and four pans a quadruple effect. Series of two or more 
pans in general are referred to as multiple effects. Pans less than 
9 feet in diameter are not common and most are between 10 and 20 
feet in diameter. With the constantly increasing demands for 
evaporators of large size, pans with diameters greater than 20 feet 
are becoming increasingly common, and a pan has recently been 
made with a diameter of 30 feet. (PL“XV.) 

Pans 10 to 20 feet in diameter usually measure 30 to 50 feet from 
tip to tip of the end cones (see Pis. and XVII and fig. 5), and 
therefore they have to be tended from different floors. 

The steam belt is placed in the cylindrical part of the effect. It 
consists of a ring-shaped belt of several hundred vertical copper tubes 
about 5 feet long and 2 inches in diameter. 

The warm brine from the preheating or settling tanks ^ enters the 
pan at different places in various makes of pan. At Silver Springs, 
N. Y., the brine enters near the 14-inch gate valve. (See fig. 5.) 
At Dd Ray, Mich., the brine enters about 6 feet above the salt outlet, 
and the salt is thus washed with a solution of pure brine. At another 

o Specific points in construction aro given in the descriptions of individual makes of pans m subsequent 
pages 

Cold brine goes to the vacuum pan at one plant in Ohio, but this is very unusual 



>LATE XV 



THIRTY-FOOT PAN (LARGEST IN THE WORLD AND CAPABLE OF PRODUCING IN TRIPLE 
EFFECT 1,000 TONS OF SALT A DAY) LOWER CONE, STEAM BELT, TAPER PLATES, 
AND COLUMNS, INVERTED ON ERECTING FLOOR WORKMEN PUT ON TO SHOW PRO¬ 
PORTIONS (COURTESV OF MANISTEE IRON WORKS, MANISTEE, MICH ) 
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method by which the bait is lomoved. 













104 


TECHNOLOGY OF SALT MAKING. 


plant the brine enters near tlie base of the pan during the preliminary 
fiUing but above the steam belt after the operation is well under way. 
Introduction of the brine above the steam belt is the usual method. 
The brine is boiled at a low .temperature, depending on the vacuum 
maintained, and as the salt forms it falls by gravity into the elevator 
boot and is carried by an endless-cham elevator to the draining bms, 
from which it is taken to the storage bins after it has drained a suf¬ 
ficient length of time. 

DETAILS OF OPERATIONT. 

MANISTEE EVAPOEATOR. 

The details of operation differ with the make of pan and with the 
individual in charge. For general descriptive purposes the manipu¬ 
lation of the Mamstee pan has been selected, as it is a type in common 
use. Other makes are described subsequently. The steam, either 
direct or exhaust, enters the steam belt usually but not always at 
rather low pressure. It is led to a rmg surrounding the top of the 
effect, and thence through pipes to the steam belt below. The con¬ 
densed water, which is trapped off from the steam belt of each effect, 
may be used in the manufacture of artificial ice, in boiling out the 
pans, or in the boilers of the plant, or it may he thrown away. It may 
he brackish in all but the first effect. As the brine boils, the steam ris¬ 
ing from it in the body of the first effect passes through a gooseneck 
into the steam belt of the second effect, the steam from the body of 
the second effect passes likewise through a gooseneck into the steam 
belt of the third effect, and so on throughout the series. The body 
of the last effect is connected with a vacuum pump, and the vapor is 
condensed by a jet condenser, thus helping to maintain the vacuum. 
Theoretically, the vacuum produced by the pump at the heginmng 
of the operation ought to he kept up by the condensation caused by 
the flowage; the working efficiency is, however, not perfect, and the 
vacuum pump is operated all the time. The condensing water is 
usually allowed to go to waste, but at some plants a use is found for 
it, such as dissolving the salt underground. Its temperature is low, 
SO® to 90® F., so that not much heat is lost, and it is usually brackish. 

The vacuum in the body of a smgle effect, measured in inches of 
mercury, ranges from 25 to 28 inches. At one plant where triple 
effects are used the vacuums m the first, second, and third effects 
were 15,24, and 27 inches, and at another 14,18 to 20, and 28 inches, 
the water in the effects hoihng at correspondmgly low temperatures. 
The aim is to maintain in the last effect a vacuum as nearly perfect 
as practicable. As the degree of exhaustion decreases progressively 
from the last to the first effect the bnne boils at the highest temper¬ 
ature in the first effect and at increasingly lower temperatures in the 
others. 
























As the solution 1)oj1s it is in constant cn-culation, winch nuiy he 
assisted by a revolving wheel, winch creates a downward current and 
consequently a return upward current through the copper flues m 
the steam belt. Thus salt crystals formed in the brine as it passes 
through the flues are carried by the propeller and gravity do^vnward 
toward the boot. 

As there is a constant tendency for the copper flues to become 
clogged with salt the pans are boiled out frequently in order to keep 
the heatmg surface of the flues perfectly clean and at their maximum 
efficiency. The brine drawn from the pan before boihng out goes 
either back to the settlers or to another pan. As bittern is formed 
rapidly m the vacuum-pan process the brine becomes impure after a 
few admixtures with such residual hquors and has to be entirely 
discarded at intervals. 

The boiling out is usually done with fresh water once or twice a day 
to twice a week, the frequency depending in general on the rate of 
operation. At less frequent intervals, dependmg on the amomit of 
gypsum in the brine and the rate of operation, the pans are cooled and 
the gypsum scale is removed from the copper tubes in the steam belt, 
usually by boiler-tube cleaners operated by compressed air. Scaling 
and boiling out are essential to keeping the pans at theii* maximum 
efficiency. Calcium sulphate, gypsum, or plaster, as it is variously 
called, IS one of the main difficulties with which the salt manufac¬ 
turer has to contend, and it is carried m greater or less amount by 
the brines of nearly all the important salt fields. It causes interrup¬ 
tion to the process and laborious cleaning out, and it not only entails 
great loss of heat because of its low conductivity but it also causes 
the overheating of any metal exposed to direct fire. After a pan has 
been boiled out it sometimes makes salt that is not completely soluble 
in water or is otherwise unsatisfactory. Therefore, the first few 
dumps of salt made after a pan has been boiled out are usually not 
first class. If a pan makes off-color salt or salt that gives a cloudy 
brine it may be necessary to boil out more frequently or perhaps to 
change brine. 

The salt as it forms settles into the lower part of the effect and into 
the elevator boot. As the brine in an effect is under a partial vacuum 
the level of the brine in the elevator housing above the boot is lower 
than that in the pan. (See fig, 4.) The salt passes through the 
brme in the elevator housing in the endless bucket conveyor, which 
is usually inclined (see fig. 4), though at one Ohio plant it is vertical, 
claim being made that this arrangement saves wear and tear. The 
salt is convoyed in the elevator either to bins with false bottoms, in 
which it is allowed to drain, or to a centrifuge, by which the excess 
of moisture is removed. The dry salt is then conveyed to the storage 
bins. The drippings are usually returned to the pan. 



Aiiothor modificatioii of the vacuum pan, used at a few plants in 
the United States, is distmguished by the method of discharging salt 
from the bottom of the pan. (See fig. 5). The poculiai' feature of 
this pan is the discharge valve, tlirough which the operator can draw 
off the bittern with each dump of salt. When the pan is being 
operated, the discharge valve is closed and the gate valve is open, 
iiter the discharge chamber has been filled with salt the gate valve 
is closed and the discharge valve below is opened. In this manner 
the salt and the bittern are removed without loss of vacuum in the 
pan, the discharge chamber playing a r61e similar to that of an air 
lock in the pneumatic method of excavation. By this arrangement 
the salt may be dumped 4 or 5 times an hour or about 100 times 
a day. The mixture from the discharge chamber runs into a cen¬ 
trifuge, by which the moisture is reduced to the practical mmimum, 
the mother liquor running to the sewer. The salt is then ready for 
the next stage in the process of preparation for market. 

OTHEB TYPES OP EVAPORATOBS. 

In 1916, the author visited many plants makmg single and multiple 
effect salt evaporators. If a personal visit was not practicable, 
information was requested by letter as to special types of evaporators. 
Brief descriptions of the different types follow. Some descriptions 
have been obtained from catalogs issued for public circulation, and 
others have been abstracted from a repbrt by Cole.® It is requested 
that manufacturers communicate with the writer if they make a salt 
evaporator of a type different from any described in this report. 
Information from manufacturers regarding corrections to the 
descriptions of their special makes wiU he gratefully received for 
future editions of this report, if such are issued. 

LILLIE EVAPORATOR. 

Certain manufacturers of salt use a type of Lillie quadruple-effect 
evaporator that differs in several respects from the above described 
type and which has been developed from the evaporator used in the 
evaporation of sirup from cane juices. (See PI. XVIII.) Some of its 
distinctive points are film evaporation and mechanical circulation, 
the manner of distributing the circulating liquors over the horizontal 
xmsubmerged evaporating tubes, and the reversal at will of the course 
of the vapors or the heat through the multiple effect. 

The effects have the form of cast-iron horizontal drums set side 
by side with the steam end of one adjacent to the vapor end of the 
next, the copper tubes that provide the heating surfaces being set 

c Cole, L. H., The salt deposits of Canada and the salt industry: Canada Department of Mines. ivTinAs 
Branch, 1915, pp. 124-125* 
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noar one end of each effect.® The steam is trapped from the steam 
end of the first effect to the steam end of the second and mixes there 
with the steam^ evaporated from the brine of the first effect. The 
steam in the third effect is supplied by steam trapped from the steam 
end of the second and the vapor from the second, and so on. The 
vapor end of the last effect is connected with a condenser and this 
in turn with a vacuum pump used to start the apparatus and to 
remove occluded air or gas from the brine. The brine and salt are 
moved by a centrifugal pump set in the muddle of the apparatus on a 
horizontal shaft that extends throughout the entire length of the 
apparatus and carries connected with the hopper of each effect smaller 
centrifugal pumps that agitate the brine in its effect but do not more 
it forward. The salt carried with the brine exerts on the apparatus 
a scouring action which keeps it free from scale. 

Another aid in keeping the apparatus clean is the periodical reversal 
of the flow of steam and brme, by which the first effect, which is 
under one set of conditions the hottest, becomes the coolest and the 
last effect becomes the hottest. The salt and brme ordinarily go from 
the first effect to the adjacent settler, from which the brine and some 
of the salt go to the second effect, but they may go immediately to the 
second effect and so on to the end of the apparatus. Thus the salt 
produced in all effects may circulate in the last effect and cause con¬ 
siderable scouring. Each effect draws sufficient brine from the brine 
Ime to keep the brine in the effect at the proper, level. 

Some descriptive details abstracted from a prospectus issued by 
the company making the apparatus foPow; 

The evaporating tubes incline slightly downward toward the steam 
end and open through the heavy tube-plate partition, in which they 
are firmly expanded without annealing and by which they are sup¬ 
ported. The other ends of the tubes are closed, save for a small air 
vent in each, and are not fastened or supported, thus being free to 
expand or contract independently of the shell of the effect. The cen¬ 
trifugal circulating pump underneath and midway between the ends 
of the evaporator is sometimes omitted, in which case the liquor rises 
in the body suflS.ciently to float the feed-valve ball float that regulates 
the feed into the body. In a multiple effect the steam condensed 
inside the tubes flows into the steam end and thence through a steam 
trap into the steam end of the next cooler effect and finally into the 
atmosphere from the coolest effect. The solution circulates over the 
tubes in a deluging shower maintained by the centrifugal pump. 
The circulation is independent of ebullition. 

The perforated distributing plate above the tubes is formed iu 
sections for convenience m handling. Above each vertical row o 

a Young, C. M, Notes on the evaporated salt industry of Kansas Eng. and 3£in. Jour, vol. SS, Sept. 
18,1906, pp. 568-661. 
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tubes it has one row of holes, three-eighths inch and greater m 
diameter. The heavy flow of solution down the surface of the tube 
plate through the inch space between the distributing plate and the 
tube plate prevents matter from cakmg on the tube plate, and the 
flow of solution through the inch spaces on either side of the tube 
plate prevents clogging of the perforated plate by particles of scale 
and other solids. This foreign matter is discharged from each effect 
with the liquor and is finally discharged from the last effect. 

The circulation of both vapors and brine or of either alone may be 
reversed. Reversal of either permits taking the dilute solution into 
the coolest effect and delivering it concentrated from the hottest 
effect when desirable; that is, when a liquid is to be concentrated to a 
high density. 

BRECHT SALTING EVAPORATOR.® 

The Brecht salting evaporator is manufactured by the Brecht Co., 
St. Louis, Mo. It can be operated in either single or multiple effect 
as required. 

It consists, essentially, of three parts—the evaporator shell, the 
heatmg chamber, and the salt filter. (See PI. XIX.) 

EVAPOKATOR SHELL. 

The evaporator shell is generally made of steel and is cylindrical, 
with domed top and cone-shaped bottom. Suitable observation holes 
and a water gage are attached to the cylmdrical body, and an air-tight 
manhole is placed near the top. 

HEATING CHAMBER. 

The heating chamber is one of the essential features of the Brecht 
evaporator. It consists of a steam drum in which a number of steel 
or copper tubes are placed vertically. These tubes allow the brine 
in the evaporating chamber to circulate freely to the cone-shaped 
bottom and to return again to the upper part of the evaporator. 
The drum is cylindrical and fits within the steel shell, where it is 
suspended on lugs attached to the side. The steam, from which the 
heat is obtained, enters the top of the drum, and, by a series of baffle 
plates so arranged that the direction of the steam travel is at right 
angle to the tubes, all the tubes are heated equally. The steam is 
thus constantly in circulation until it condenses and is drawn off by 
suitable means from the bottom of the drum. The tubes are made 
of either steel or copper, as required, and are 4 inches in diameter, 
the large bore obviating clogging as the salt crystals form. 

ff Cde, L. H, The salt deposits of Canada and the salt industry: Canada Department of Mines, Mines 
Branch, 1915, pp. 124-125. 
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entraiiHnent. The steani chest is fitted at the top and bottom with 
tube plates, mto which arc expanded a number of 2t-inch copper 
tubes. The downtake is in the center of the steam chest, and is of 
sufficient size to prevent the clogging of the salt crystals as they are 
formed. The brine circulates up through the copper tubes and down 
the central downtake. The salt crystals, as formed, drop into the 



Figube 6. —Swenson triple-effect evaporator. 


quieter part of the cone-shaped bottom, through the barometric leg 
into the boot of an inclosed elevator, which drops them into the 
drying bin. 

OFEBATION. 

The operation of an evaporator of this type is continuous. Suit¬ 
able means are provided for the removal of the inclosed gas in the 
steam chest as well as the condensed steam. The evaporators can 
be operated either in single or multiple effect. 
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Fraims 7 ^aiil>oni s^t evaporator 
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WHEELER EVAPORATORS 

Wheelei evaporators (fig 8) and multiple effects with standaid, 
vertical-tube calandnas are best known m the sugar industry, where 
many aie in service 

The pan of each vessel is usually of cast uon with a dish-shaped 
bottom, above which is the steam-belt course, and above this, the 
courses forming the vapor space and dome Above the dome is a 
catch-all, which returns the unevaporated hquid entrained in the 
vapor to the boihng space The steam belt contains the calandria, 
which consists of vertical tubes 2 to 3 mches m diameter, secured into 
hoiizontal circular tube plates Steam circulates on the outside of 
the tubes, and the hqmd to be concentrated boils withm the tubes 
The circulation of the hqmd is upwaid through the tubes and down¬ 
ward through the downtakes 

In the evaporation of salt solutions particulai attention is given to 
the removal of crystals These aie thrown down from concentiated 
solutions and must be removed contmuously Removal is accom- 
phshed by duplicate filter boxes, or by a long setthng leg provided 
with a strainer and a contmuous earner 

The vertical tubes of a calandna are cleaned periodically, the 
intervals between deamngs depending on the service Often, as in 
sugar houses, the tubes are treated with diluted solutions of acids, 
which soften and loosen the scale A wire brush, rotated by an 
extemal-air motor, is then run through the tubes, or a turbme cleaner 
is used, similar to that used for cleamng water-tube boilers For 
steel calandria tubes a cutter head is used, and for copper tubes a 
thm wire brush head 

Vacuum or strike pans are built with horizontal coppei coils, as well 
as with tubes as described 

ZAREMBA CRYSTALLIZING EVAPORATOR® 

OONSTRUCTION 

The Zaremba crystalhzing evaporator consists of two parts* (1) 
The evaporator bo<^, in which the evaporation occurs, and (2) the 
salt filter underneath, by means of which the precipitated ciystals 
aie separated from the concentrated hquoi, washed clean, and 
removed from the system 

HEATING SUBFACE 

The shell of the evaporator body is bmlt of heavy cast iron or steel 
Its lower part, below the heating surface, consists of a cone mto 
which the salt is precipitated and funneled into the salt filter below 


Data furnished through the courtesy of Edward Zaremba of the Zoremha Co 
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Mounted within the shell immediately above the cone is the cylindrical 
steam chest, fitted at top and bottom with disked heads of steel into 
which 2-mch charcoal-iron tubes are expanded* The fastening of the 
steam chest m the shell is effected by means of a special design The 
tubes are shghtly mchned from the vertical to facihtate circulation 
and prevent possible loss of liquor Copper tubes may be used foi 
coirosive hqmds 

CIRCULATION 

The downtake is an annulai opening, widest at the bottom, extend- 
mg entirely aiound the steam chest Circulation of hquor is upward 
through the tubes, outward toward the top of the downtake, down¬ 
ward between the steam chest and the exterior shell, and then inward 
to the lower end of the tubes This action produces a ready separa¬ 
tion of the salt crystals from the boilmg hquor, throwmg them into a 
zone of qmet in the comcal bottom and thence into the salt filter 

S4LT FILTER 

The filter consists of a cyluidrical chamber fitted with a filter screen 
placed clgse to the bottom At the front and immediately above the 
screen is a swmgmg dooi thiough which the separated salt is removed 
The conditions mside can be observed thiough the sight glass Wash 
water is mtroduced through perforated pipes mounted under the top 
cover of the filter Vacuum and hquor pumps connected to the 
system are adequate to provide for all requirements 

METHOD OP OPEEA.TION 

Evaporator —^The brme or weak hquor enters the first effect at the 
top of the cone and flows to the base of the steam chest By the 
action of the vapor generated m the tubes and the pressure exerted 
by the hquor m the downtake, a vigorous movement is set up 
withm the tubes (about 30 feet per second), mducmg rapid heat 
transmission and effective scourmg action on the tube mteriors 
Owing to the large area of the downtake the return flow to the bot¬ 
tom of the steam chest is slow (about 3 feet per second or less), 
allowmg the crystals formed durmg the concentration to separate 
from the hquor and drop gently mto the zone of unagitated hquor 
contamed m the cone The heavy hquor carrying these suspended 
crystals flows out through the plug cock at the tip of the cone and 
mto the salt filter 

F%lter —hquor hne coimects the bottom outlet of the filter to 
the liquor inlet of the second effect, which, being under a higher 
vacuum, draws the hquor through the filter and mto itself by suc¬ 
tion The suspended crystals are left behmd on the filter screen, 
where they are allowed to accumulate until the salt filter is filled, as 
mdicated by a sight glass The connection between the evaporator 
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cind the liltei is now bhut off by closmg the plug cock between, and 
after the heavy liquor has been drawn off the contents of the filter 
are washed with weak liquor, hot watei, and steam The connec¬ 
tion to the second effect is then closed, the discharge door of the 
filter IS opened, and the thoroughly washed crystals are removed m 
an approximately diy condition 

After the filter has been emptied its door is closed and the con- 
tamed ail IS lemoved by replacmg it with steam The condensation 
of the steam soon pioduces sufficient vacuum to pull the mixture of 
hquor and salt collected m the cone down into the filtei, when the 
plug cock IS opened The hquoi level m the evaporator is agam 
bi ought to standaid height and the filtei is placed m circuit by 
openmg the connection to the next effect Where the quantity of 
salt piecipitated is compaiatively large two filters are attached to 
one cvapoiator body, thus makmg it possible always to have one 
filtei connected to the evaporator, masmuch as the filters are used 
alternately By eithei arrangement the salts are washed and 
removed without mterfermg with the work of the evaporator above 
If desued, the crystals can be dissolved withm the filters and the 
saturated solution removed by pumpmg * 

The method of operation m the second effect is the same as has 
been desciibed, except that the heavy hquor is drawn from the 
filtei by the suction of a pump The hquor discharged from this 
pump IS retmned to the second effect to be recirculated 

These evaporators are built either as smgle, double, triple, or 
quadruple effects, and are generally connected m such a maimer 
that any one of the bodies can be cut out of service without mter¬ 
fermg with the others Owmg to the fact that each body of a 
multiple effect operates at a different temperature, by proper 
manipulation it is frequently possible to make a separation of salts 
wheie several compounds are present m the solution Ordmaiily, 
the weak hquor is fed to the hottest body md is finished m the 
coolest body, but for some purposes the flow of the hquor is re- 
vexsed, thus givmg what is known as the countercurrent^^ system 
of workmg 

By installing a preheater for feed hquor a substantial reduction m 
the amount of steam used is possible The evaporators are equipped 
with internal separators, which makes impossible the carrymg over 
of hquor by entrainment as a result of careless operation 

The steam pressure used vanes all the way from atmospheric to 
60 pounds or more, dependmg on the circumstances Ordmanly, 
direct-actmg pumps aie furnished, their exhaust bemg delivered to 
the evaporator The condenser often can be so placed as to draw 
Its own water by suction 
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MIILINd OPEEATIOITS 

The m i l l ing operations outlined below aie generaUr involved only 
in the preparation of the grades of salt used on the table and in the 
daily The charactei of the giams of such salt is shown m Plate 
XXII The salt is allowed to lemain m the stoiage bms until it is 
thoioughly cured The longer it remains m storage the less heat is 
required m subsequent diymg The centiifugals now used at many 
plants foi the purpose of removing the brme and bittern fiom the 
salt crystals befoie stoiage are highly efficient and piactically obviate 
the necessity of subsequent drainage and stoiage Where a coarser 
grade than vacuum-pan salt is used foi making table oi dairv salt it 
may have to imdeigo a pielimmaiy ciushmg 

After the removal of as much moistuie as possible m the centrif¬ 
ugals or bms the salt is lemoved to the dnei This is <x lotary 
cylmdei which revolves slowly and is provided with steam pipes or a 
steam jacket or othoi equipment that heats the salt to a high tem¬ 
perature durmg its slow passage thiough the machme At the 
front end of some diiers theie is an auxihaiy steam coil and a blower 
to force m hot air and at the same time to blow out the hghtei impuri¬ 
ties, pnncipally gypsum and moisture Great caie is exercised to 
prevent the dust fiom becoming dissemmated in the plant, it is 
collected m an air-tight room and bai reled A fan at the lear end 
of the drier assists in the ehmmation of the gypsum, dust, and mois¬ 
ture The salt after it has passed through the diier may contam as 
httle as 0 1 per cent moisture 

The salt from the dner (PI XXHI, A) is passed through screens 
(PI XXni, B) to remove lumps and to assort the grams for the trade 
Cyhndiical wire-mesh scieens, shaking scieens, or bolters are used 
The grams of various size aie deflected mto hoppers and thence to 
bms At some mills the salt is lun from the bms to automatic 
weighmg maohmes and mto the cartons m which it appears m the 
trade To render certam giades of table salt moisture proof and to 
make them run as freely as possible, a small amount—^usually not 
more than 1 per cent—of some nonhygroscopic substance like mag¬ 
nesium carbonate is used to coat the giams 

The effort throughout the entire process in up-to-date establish¬ 
ments appears to be to take advantage of labor-savmg devices The 
salt is moved by hand as httle as possible, screw conveyors, elevators, 
and other mechamcal devices bemg adopted wherever practicable 
The details of final manipulation are so varied at different establish¬ 
ments m the United States that only the general practice has been 
outhned 

98088'*—17-^Bull 14b-^9 
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COMBIlirATIOir SAIT. 

Most salt produced by the gramer process has a loose, hght, flaky 
texture, though its character may be vaned by varymg the tempera¬ 
ture and hence the rate of evaporation at which it is produced If 
sufS-ciently high steam pressure is mamtamed, a rapid ebuUition fol¬ 
lows and the salt is granular If the temperature is low, evaporation 
takes place chiefly from the surface of the bnne and the salt is flaky 
or flocculent In other words, the slower the rate of crystalhzation 
the larger the gram of salt As gramer salt has certam character¬ 
istics foi which there is considerable demand, and as it must be made 
slowly m order to produce a coarse gram, it commands a comparatively 
high price The salt produced m the vacuum pan is a fine-gramed 
or granular salt '^Combmation salt/’ as the name suggests, is a 
product formed by combmmg the salt made by the two processes 
Accordmg to the process of makmg combination salt devised by 
Lilhe® the brme is evaporated in the vacuum pan m the usual man¬ 
ner, and the salt crystals formed fall to the lower part of the conical 
chamber below the steam tubes The salt is then earned with bnne 
under pressure through a pipe to the gramers m operation makmg 
gramer salt The vacuum-pan salt, havmg been mtroduced mto the 
gramer, faUs to the bottom at the lear end of the gramer and is moved 
forward by the usual mechanical devices The salt produced by 
evaporation m the gramer also settles to the bottom, where it comes 
m contact with the vacuum-pan salt While the fine salt from the 
vacuum pan moves forward in the gramer it is subject to the action 
of the hot bnne and to contact with the salt made m the gramer, and 
a combmation gram that differs in character from that of both 
vacuum-pan and gramer salt is produced The paiticles of sohd salt 
probably afford centers of crystallization m the saturated brme 
The product is not simply a mixture of crystals of vanous texture 
but is uniform and pecuhar m texture The identity of the fine salt 
from the vacuum pans usually is qmte lost and the product approaches 
m its physical character the salt made by the open-pan or the gramer 
process The character of the combmation salt may be altered by 
varymg the proportions of vacuum-pan and of gramer salt, and many 
different grades of salt may also bo made by varymg conditions m the 
gramers 

COMMEECIAI STATUS OF PBOCESSES. 

The wear and tear mcident to the operation of aU salt-makmg 
machmery is heavy. Moreover, if a salt block is allowed to he idle 
for a year it becomes almost rumed, consequently, it is often cheaper 
to make salt for a season without any profit than to shut down. 

oLiUio, S M, U S Patent No 988002, dated Mar 28, 1911 



MARKET SIZES OF SALT MAGNIFIED 18 DIAMETERS 


.1, Salt made m a triple-effect Manistee vacuum pan by the Hutchinson Silt Co , Hutchinson, Ka*' , h 
Salt made by the Alberger grainer process Diamond Crystil Salt Co , S+ Clair Mich, C Sa’t iradt m*hL 
Lillie quadruple effect evaporator, San Francisco Salt Refinery Co San FraoLisco Cal, P SiltnaJe m a 
single effect vacuum pan, Worcester Salt Co Silver Springs N Y, i Salt made in Lil it evapi n*i-» appa¬ 
ratus Carey Salt Co , Hutchinson, Kans , i, Salt madt, in a quadruple-effect vacuum pan Ci'i orna bil* Ct 
San Francisco, Cal 
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dulletin U0 plate XXIll 



TYPE OF SCREEN USED AT MANY SALT PLANTS IN UNITED STATES NOTE SCREW CON 
VEYOR AT BASE FOR REMOVING THE SALT 
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Apropos of this rapid detonoiation, the following quotation from a 
letter of a practical salt maker of northern Ohio to the writer is worthy 
of careful consideration 

Anothei difficulty in fixing the exact costs is this That m figuring costs and basing 
selling pnces theieon, some salt pioducers do not provide for \er\ rapid detenoratioii 
of salt-making apparatus, and it is unfortunate on that account and also on account ot 
overproduction that many hundreds of thousands of dollars ha\ e been lost by bait 
producers m recent years 

The factoi of overpioduction is one for deep consideration by the 
manufacturers of salt m the Umted States Durmg the work of the 
wnter m the different salt fields of the country, especially m the 
Eastern States, durmg 1911 and 1912, the consensus of opinion seemed 
to be that a great deal more salt was hemg produced than could he 
marketed, estimates of the overproduction rangmg from 20 to as high 
as 50 per cent The facts that large up-to-date plants at many places 
were not working at full capacity and that some were workmg only 
half tune oi at half capacity, while others were temporarily closed 
awaitmg a better market or closed with no apparent prospect of 
reopenmg, present a significant situation to those planmng to enter 
the busmess Accordmg to one operator, “if the demand were 
doubled at present (Sept 15, 1911) there would be ample apparatus 
m the United States to care for it and for a large surplus on hand 
This operator spoke presumably of the eastern half of the Umted 
States, and the plant that he was connected with was workmg at 
only half its capacity A similar situation must have existed some 
30 years ago, for m 1888 Chatard® said “The present plants are 
able to furnish a supply much larger than can find a fairly profitable 
market,” He began his leport on salt-makmg processes in the 
Umted States, with the following statement 

The vanous elements which go to make up the cost of an article of commerce are 
found exemplified in the simplest and clearest manner m the salt industrj The raw 
material, the bnae, has no other value than that given it by the cost of Fa n k ing the 
well and pumping, the fuel used is, so far as practicable, unsalable refuse, the machin¬ 
ery IS of the sunplest character, there being but httle opportunity for the use of labor- 
saving devices, manual laboi, mostly of a comparati'v ely unskilled character, is 
almost exclusively employed, and the handling, transportation, and distribution of 
the product are effected in the cheapest maimer, the foreign article being to a large 
extent brou^t m as ballast and sold at ratee but httle above those at the port of ship¬ 
ment 

Great changes have been wrought m the salt-making industry m 
25 yeara and it is mterestmg to contrast the present (1916) situation 
with that existing when Chatard’s paper was written It is doubt¬ 
less still true that the bnne, the raw material from which all the 
evaporated salt is obtamed, has no other value than that given it by 

a Chatard, T M , Salt-makmg processes m the Umted States U S Geol Survey Seventh Ann Rept, 
1888, p 497 
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the cost of Sinking the 'Well and pumping the bime But bnne salt 
constitutes only 78 per cent of the total salt produced, as will be 
observed fiom the following table, and the cost of the preliminary 
w ork connected with imnmg the remainmg 22 pei cent is considerable 


Production and vnlur oj rod and buvna bait %n the United States m 1915 


Material 
Rock ■y-Il 
Biine &alt 


Short tonb Value 

1,165,387 $2,299,894 

4,187,023 9, 447, 792 


Total 5,352,410 11,747,686 

In coutiast With Chataid’s statement regarding the use of unsalable 
refuse fuel aie the following comments by WiUcox ® 

There is now going on in the salt induBtry, especially in Michigan, a transformation 
almost as ladical as occuiied when Michigan lumber first brought out Michigan salt 
It ifa a change fioni the sawmill system of pioducmg salt, m which fuel economy was 
no obiect, to a time that os almost heie when fuel will be the mam consideration 
To illubtrate what such a change means, refei to the early days when the Onondaga 
bait district in hi ew Yoik w as the leading pioducer m the countiy When the enor¬ 
mous Michigan production began to affect the eastern salt districts it hit the Onon¬ 
daga distnct \ery haid, as can be infeired horn the report published in 1877 of the 
supenutendent of the Onondaga Salt Springs 

The buhiness of manufacturing salt for the past season has been one of great embarrassment, owing to 
the general depression of business throughout the country and the consequent low prices afforded lor the 
manufactured article, a result always incident to any market where the supply is largely m excess of the 
demand 

Vnother and, perhaps, more serious embarrassment grew out of the fact that a very large supply of salt 
has been furmshed at the Sagmaw salme These works are, and must continue for many years to bo, a 
vigorous competitor with our owm 

So long as Sagmaw continues tbe great center of a gigantic lumber trade, so long will she he a standing 
competitor m the production of salt The refuse of her sawmills is estimated to be sufficient for the annual 
manufacture of 12,000,000 bushels of salt During the past year her product has swollen to the enormous 
sum of 8,000,000 bushels This refuse would be totally valueless for any other use 1 ban as fuel for the manu¬ 
facture of salt In fact, it would he a nuisance to the lumber dealers, because it would subject them to the 
expense of carUng it from their works end destroying it 

This furmdies to Saginaw, without charge, what is to us the main factor m the cost of our product 

Thus it la evident that th^ old (onditions have imdergone great changes, and the 
time 18 in sight if not actually heie when the salt industry, which has been a aide 
isbue, connected with the lumber busmebs m ceitain parts of the Lower Pemnaula 
of Michigan, must either stand on its own feet or pass altogether Changing condi¬ 
tions already have brought about certain readjustments which must go forward to 
keep pace with the changing conditions in the lumber business if the salt industry, 
depending on the refuse from lumber mills, is to survive 

In the character of the machinery, the quahty of labor, and the 
use of labor-saving devices there have been profound changes since 
the date of Chatard’s commentary The remarkable development 
of mechamoally raked gramers and the establishment of the vacuum- 
pan process are mdications of the advancement along such hnes In 
some of the modem gramer and vacuum-pan plants the salt is not 
touched by the hu man hand from the time it crystallizes from the 
brme until it is ready to be wheeled on board the cars The character 
of the labor naturally, instead of remammg purely manual, has un- 


d Wlllcox, 0 B , Evaporation tests of a salt gramer Mn^gan Lug Soe for 1907,1007, pp 164-180 
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deigone a complete change as more complex machinery has been 
adopted, until a large pioportion of the work m the modem plants 
re(][uires mechanical skill of an advanced type and the chemical engi¬ 
neer IS called frequently mto conference All these impiovements 
have tended toward mcreased efficiency and the production ot a high- 
grade article at as lowpnce as is compatible with the existing demand 
for high qualitv 

EEMOVAL OP aYPSTOffi FROM BRUTES 

One ot the gravest difficulties encounleied in salt making is the 
removal of gypsum In practice the terms gypsum and plastei are 
both employed to designate the scale formed dming the concentra¬ 
tion of brmes The water is not awaie that the exact composi¬ 
tion of the scale is known, it may coirespond to the henuliydrate, 
CaSO^ JHgO Chatard suggests seveial methods foi its separation, 
but at most plants the old method of stopping the piocess and seahiig 
the gypsum is still employed One of the leasons foi this adherence 
to laborious cleaning is that any chemical tieatment that effectuaUv 
rids the brme of calcium sulphate, hme, magnesia, and oxide ot non 
is generally too expensive to be practicable, and, coiisequentlv if 
used at all must be confined to the high-grade table and dairy prod¬ 
ucts Lime IS almost universally used to remove iron, though sodium 
carbonate (soda ash) is used m some locahties ® 

In the Alberger process the prmciple of superheating the bime at 
high pressure and releaamg the pressure, thus effecting piecipitation 
of the gypsum, is practiced This is m line with a suggestion by 
Chatard * that “in default of a chemical pi ecipitant we aie compelled 
to consider the apphcation of heating alone as givuig any leasonable 
prospects of impiovement ” He also called attention to the lapid 
separation of calcium sulphate near the point of saturation and at 
temperatures above 212° P and suggested that the deposition of the 
sulphate and the reciystallization of the salt should, if practicable, 
be separate prosesses and that the appaiatus to be usotl for the former 
process should be specially constructed to facihtate scalmg It is 
not yet established whethei the separation of gypsum m tlus way is 
more efficient or cheaper than its removal by oidmary precipitation 
on the bottom of the open pan on the gramer pipes or in the flues of 
the vacuum pan, with tlie consequent labor and loss of time incident 
to scaling The Alhergei process is m himted use as compared with 
the other methods of making fine-gramed No 1 salt ® 

a See patents issued to Charles Glaser and G J Mnller on processes of refining salt TT S Patepts Nos 
067416 (reissued as 13268), and 057417 

6 Chatard, T M , Salt-makmg processes in the Umt^ StatOb, U S Geol Surrey Seventh Vnn Kept» 
1888, p 502 

<5 Persons Aterosted m this problem will find many data and references to domebticana foreign Uterature 
in Chatard, T M , Salt-makmg processes m the United States U S Geol Survey Seventh Rept, 
1888, pp 497-^, also m Cameron, F K, and BeU, J M, Calaum sulphate in aqueous solutions. Bull 

Q 9 T» 1*00 1 Af Qnila IQ/V* 71 Tk'n 
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EEIATIVE EFFICIENCY OF PROCESSES. 

Comparatively httle has been published regarding the eflB.ciency 
and economy of salt-making piocesses Accordmg to MemU,® a 
kettle block can produce 2,520 pounds of salt from 67° brine (sali- 
meter reading) for each ton of anthiacite dust used as fuel, and 
4,088 pounds from 96° brme, these figuies correspondmg to evapo¬ 
ration efficiencies of 5 83 and 6 pounds of water per pound of fuel 
Chatard,** selecting the best lesults of the vaiious systems, concludes 
that 1 poimd of coal evaporates 5 72 pounds of water in the direct- 
heat open-pan process, 6 47 pounds of watei in the high-pressure 
gramer piocess, and 7 69 pounds m the low-pressure gramer process 
followed in the Kanawha district (see pp 77-79) Wdlcox^ calculates 
fiom the results of a careful lun m a Michigan gramer an evapora¬ 
tion efficiency of 8 322 pounds of water per pound of coal So 
many factois, however, affect such statements of efficiency that the 
figures quoted are unsafe cnteiia for comparison The concentra¬ 
tion and composition of the brme, the nature and heat value of the 
fuel, atmospheiic conditions, and othei conditions make analysis of 
the problem difficult Ease of opeiation, low cost of maintenance, 
dependabihty, simphcity of constiuction, and means of meetmg 
and overcoming -unexpected difficulties aie among the factors that 
give an evaporator the best all-round efficiency An attempt was 
made by the writer to piocure new data on the umt cost of makmg 
salt, but so few and so diverse rephes were received that compila¬ 
tion or comparison was impracticable, and consequently this phase 
of the mdustry has necessarily been left foi consideration at some 
future time It is greatly to be hoped that salt manufacturers may 
pubhsh data relatmg to this subject 

The experiments by WiUcox,^ to which reference has been made, 
represent so extensive an analysis of the gramer process that his 
report of the results of them have been abstracted The test was 
run njL Michigan under normal workmg conditions on a gramer 
equipped with submerged mechanical rakers and heated by exhaust 
steam that entered at an average temperature of 216 6° F , and had 
an average quality of 97 per cent The gramer was 143 feet long and 
10 67 feet wide at the average level and was filled with brme to an 
average depth of 1 229 feet It contamed 1,072 feet of 3 5-inch pipe, 
the ratio of the evaporating (gramer) area to the heatmg surface bemg 
1 34 The bnne at 92 5 per cent saturation was run mto the gramer 
at a temperature of 71 6° P and the test was continuous for 192 


a Mema, F J H, Salt and gypsum mdustnes of New York N Y State Mus Bull, \ol 3, No 11, 
1893,p 65 

6 Ghatard, T M , Salt makmg processes in the TJmted States U S Geol Survey Seventh 4 uti Bept, 
1886,p 526 

c Willcox, G B , aporalion tests of a salt gramer Michigaii Engineer, 1907, p 16S 
d WUlcox, G B , place quoted 
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hours, at tho end of which tune the saturation of the hittem unduly 
impeded evaporation At the start, evaporation was contmued till 
the level of the hrme had lowered nearly to the steam pipes m the 
gramer The quantity evaporated was then lestored by introduc¬ 
ing new bnne, and this process of alternate evaporating and fiUing 
was continued throughout the test The results of the run are sum¬ 
marized m the following tables 

Results of opeiating a grainer m Michigan for 192 hours 


Item Pounds 

Total pioduction of hot salt . 110 950 

Production of hot salt per hour - 577 s 

Equivalent in seasoned packed salt per houi a534 5 

Total condensation of watei from giainer pipes 110,36S 

Condensation per horn . . 2,137 

Equivalent condensation of dry steam per hour 62,073 

Production of hot salt per square foot of giamer sui taco 72 7 

Pioduction of hot salt per square foot of heating surface 97 9 

Pioduction of hot salt per linear foot of 3 5-inch steam pipe- 102 5 

Pioduction of hot salt pei cubic foot of hrme 13 46 

Condensation of dry steam per cubic foot ot bnne 46 S 


Volume of ^team condensed and quantity of hot salt produced dunng succemie periods 
of apprormately uniform production 


Duration 

Total cloiing penod 

Rate per hour during 
period 

Steam re¬ 
quired to 
produce 1 
pound of 
not salt 

of penod 

Hot salt 
produc'd 

Steam 

condensed 

Hot salt 
produced 

Steam 

condensed 

Hours 

g 

37 

53 

17 6 

34 5 

4 

24 

13 

Pounds 

(«) 

29,297 

32,966 

11,783 

20,896 

2,468 

10,640 

6,900 

Pounds 

26,320 

91,354 

110,570 

39 296 
69,286 
7,594 
45,463 
24,0^ 

Pounds 

684 

623 

673 

605 

617 

443 

531 

Pounds 

2,924 

2,4fab 

2 OSb 
2,245 
2,008 
1,898 
1,477 
1,849 

Pounds 

3605 

3 348 

3 33b 

3 01 

3 076 

3 18 

3 49 

192 

114,960 

414,012 





a Production sufBcient only to fill the “clearance" on the bottom of the gimner 


Willcox® calculates that the efficiency represented by these figures 
corresponds approximately to the evaporation of 8 322 pounds of 
water by 1 pound of coal. He adds that in the usual operation of 
this grainer the bittern is replaced by new brme every 5 days, 2 hours 
bemg lost at each filling, and that the services of 4 men for 3 hours 
are required to scale the pipes every 30 days 


a One pound of hot salt is equivalent to 0 925 pound of seasoned packed salt 
h The steam contained 3 per cent moisture 
c WiUcox, Q B , place quoted 
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TECHNOLOGY OF MINING AND MILLING OF BOOK SALT.® 
SITUATION AND DEVELOPMENT OF MINES 

Kock salt was first discorei ed in North Amei ica, so f ai as is known, at 
Petite Anse, La , in 1862, and it is stiQ mined theie and also at Giande 
Cote, near by Though its existence in New Yoik and Michigan has 
been known for many years, it is mmed in New Yoik only by the 
Retsof Min ing Co , at Eetsof, and the Sterling Salt Co , at Hahte, and 
m !Michigan only by the Detroit Salt Co , at Detioit 
The beds of rock salt in Kansas were discoveied in 1887 and 1888, 
during diilhng opeiations foi oil and gas, at EUsworth, Lyons, Hutch- 
mson, Great Bend, Kanopohs, Sterling, Kingman, Anthony, and Wel- 
Imgton The salt-bearing series langes in thickness from place to 
place from 50 to moie than 400 feet 
Eock salt in Kansas has been produced, to any extent, at only five 
mines, and these have been operated by the Kingman Salt Co , Kmg- 
man, the Crystal Eock Salt Co , The Independent Salt Co , and the 
Eoyal Salt Co , at Kanopohs, and the Bevis Kock Salt Co, at 
Lyons In 1915 the fom* companies last named were engaged m 
active minmg The Bevis Kock Salt Co began to hoist salt m 
1890 and has been operating continuously smce. The shaft of the 
Eoyal Salt Co* was sunk in 1891, the mine has been operated only 
part of the tune smce then, but at present it is bemg worked The 
shaft of the Crystal Eock Salt Co was sunk m 1908, and the mme has 
been m opeiation since The fia^st production of the Independent 
Salt Co was m 1914 Shafts have been staited at Ellsworth, Mai- 
quette, and Little Eiver, but for vaiious leasons the work has been 
abandoned * 

RETSOP MINING CO , RETSOP, N Y 
MINING 

The shaft of the Eetsof Mming Co , Eetsof, N Y , is 1,017 feet deep, 
and it passes throngh the following beds 

Section of main hoistitig shaft No 1, Retsof Mining Co , Eetsof, N Y 



Thickness, 

Depth, 

Material 

feet 

feet 

Shale 

133 


Limestone. 

8 

141 

Shale 

232 

373 

Limestone 

4 

^77 

Shale 

23 

400 

Lime 

3 

403 

ComiferouB limestone 

142 

545 

Cement 

13 

558 


a The descriptions are based on observations made in 1911 The writer has not bad any opportunity 
to ^ isit the field and to verify them smce that year 
b Young, C M, Eocb salt xmnmg operations m central Kansas Mimng World, vol 34,1911, p 1223 
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Material 

Ttuckncss, 

feet 

DLnth, 

leet 

Sandstone 

1 

562 

Cement-- 

7 

5b9 

Sandstone 

14 

5&3 

Gypsum. 

4 

587 

Cement . 

26 

613 

Gypsum 

47 

6b0 

Magnesmn lime and sands 

63 

723 

Cement 

11 

737 

Blue shale 

25 

762 

Cement, 

10 

772 

Blue shale 

12 

784 

Helderberg cement 

17 

SOI 

Mixture. 

31 

832 

Cement 

10 

842 

Lime, cement, and sand 

15 

857 

Cement 

C 

863 

Blue shale 

19 

882 

Bed shale 

12 

894 

Blue shale 

41 

935 

Red shale 

5 

940 

Blue shale 

12 

952 

Lime 

12 

964 

Salt and shale .. 

32 

996 

Foot of shaft 


1,017 


The salt bed that is being worked is 8 feet thick, but lolls pmch 
it to a thickness of 5 feet locally Great caie is exeicised not to 
break into the roof or to pick up the floor Drilling is done with 
1 J-inch augei drills, operated by S^-horsepower electric motors The 
rooms are run 30 feet wide, and the net result of the mimng is the 
removal of five-nmths of the salt, leavmg four-mnths standing as 
square pillars, each side of each pillar bemg 30 feet long The 
dnllmg is done at the room face, the end of the room being advanced 
m the form of a blunt wedge The walls of the loom are, of courbe, 
kept parallel during the advance of the mining The salt is hauled 
by mules from the room face to the sidmgs but electric hatdage ls 
used from the mam headings to the shaft Mule power is used also 
for loading the salt mto the cages 

MILLING 

The salt is hoisted m 3-ton mme cars from the foot of the shaft to 
the top of the mill, where the rim-of-mme salt is dumped on grizzly 
or iiddle bars made of cast steel and arranged m tiers The finer salt 
falls through the grizzhes mto a hopper, and most of the coarser part 
IS crushed between large rolls though part of it is carried by conveyers 
to a storehouse, from which it is loaded on cars for shipment The 
pieces of salt as they come from the min e are 1 foot or less m diameter 
The subsequent operations consist of alternate screenmg and crush- 
ing^ by which the desired market sizes are obtamed 
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Four market sizes aie produced m New York in addition to the 
large lumps direct Irom the mine These, beginning with the coarsest, 
are known as No 2, No 1, Coaise C (common coarse, mdicated by 
the letters C '0, and Fme C (common fine, mdicated by the let¬ 
ters “C F ”) These grades are illustrated m Plate XXIV (p 130) 

STERLING SALT CO , HALITE, N T 

The shaft of the Sterlmg Salt Co , at Cuylerville or Halite, N Y , 
is approximately 1,150 feet deep After the salt has been mmed it 
is lifted m a 3-ton automatic dumpmg cage to the top of the mill and 
dumped on sets of grizzly bars The fines diop through one set and 
the lumps drop through another set to crushers, and the larger hard 
lumps that are salable descend through a zigzag chute to be loaded 
for shipment The fines from the crushers and from the grizzhes 
pass through the mam hopper beneath the grizzhes to three shakmg 
screens, ananged m decks, one screen above another, with the coars¬ 
est at the top 

The material that does not pass through the coaisest screen is 
diverted through a spout to a picking table (size 4) The mateiial 
that passes through the first screen and ovei the second goes to a 
pickmg belt (size 3), where impurities are removed Sizes 3 and 4 are 
not salable and are therefore crushed together and returned to the 
mam hopper by a bucket conveyor No 2 grade is what passes 
through the upper two decks of the head screens but not through the 
third deck The finer grade, which passes through the third deck 
of the head screen, is a mixture of No 1, C C , and C F This mixture 
IS conveyed on belts to the tail screens From the conveyoi belt it 
IS dropped mto a hopper and thence diverted m spouts to tail screens 
There are two decks to each set of these screens The salt that fails 
to pass through the upper deck is known as grade 1, that which passes 
through the upper deck but does not pass through the lower deck is 
grade C C , that which passes through both screens is grade C F 
The operations of this mill are graphically shown m figure 9 

DETROIT SALT CO , DETROIT, MlOH. 

MINING 

The shaft of the Detroit Salt Co , Detroit, Mich , is 1,050 feet deep, 
with a 20-foot bdd of salt at the bottom, of which 16 feet are worked 
by the room-and-piUai system, the rooms and entries bemg 35 feet 
wide and the pillars 40 feet square The shaft is divided mto three 
compartments, two of which are used for hoistmg and one for sup- 
the foul air bemg removed through the hoisttng compart¬ 
ments The entire shaft is 9 by 18 feet, and m its pre£>ent workmg 
condition each compartment is 5 by 5^ feet 
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MILLING 

Aftei the run-of-mme salt has been hoisted to the top of the unll 
the large lumps are conveyed to a storehouse for shipment The 
fines and smaller lumps go through a grizzly and two toothed crushers 
The fines are then removed by a scieen and separated into four 



marketable sizes (No 2, No 1, 0 C, and C F grades) The 
size matenal is picked to remove foreign material and discolored 
salt This oversize material, constituting about 70 pw cmt of ^e 
run, is then crushed between corrugated rolls and elevated to 
screen, and the four marketable sizes are agam separated Ihe 
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a room are fired simultaneously by electricity The blasts are large, 
500 tons of rock often being shot down at one blast The salt is 
loaded into mine cars and hauled to the shaft by mules 

The salt seam mined is 18 feet thick and is closely uniform. About 
6 mches of it are left as a floor and 12 to 18 inches are left as a roof 
Thus the nune has a sohd salt floor and roof and no shale has to be 
picked out of the salt The seam dips southwest, but the dip is so 
plig ht that the workings aie considered level About 3 to 4 acres 
are mmed out each yeai 

MILLING 

The company has two mills, both bemg used only when a large 
output IS demanded As the nulls are alike, a description of one suf¬ 
fices. The salt hoisted from the mine is dumped from the cars mto 
a hopper and is fed through a gate between toothed rolls The 
large lumps are pievented from gomg to the rolls by bars over them 
and are diverted through a chute to a storeroom After the salt has 
passed between the loUs it goes to a shaker, through which the fines 
pass The oversize material goes to a set of corrugated rolls and 
from them the salt goes to a pau of shakers, which divide it mto four 
grades, oversize, No 2, No 3, and C F The C F salt is elevated 
to a parr of impact screens, by which it is divided mto grades 1, 7, 
and 4, which go to the bins* Grades 2 and 3 also go to the bms and 
the oversize goes back to the rolls to be regiound 

A small portion of the C F grade is sent to a centnfugal ‘ 'cyclone" 
crusher, and the crushed product is sent to a pair of revolvmg screens 
The oversize is mixed agam with the 0 F salt and the fine salt, or 
“packers’ fine,” is sent to the bms The othei sizes may also he 
giound m the centrifugal crushei, and it is customary to grind sizes 
of salt for which there is httle demand mto packers’ fine 

EQUIPMENr 

The mme is equipped with five boilers fired with fuel oil, about 
600 horsepower is necessary to run the plant, the mill bemg operated 
by a 160"horsepower Corliss engme The hoistihg is done with a 
straight-line Litchfield hoist, the speed bemg about 2,650 feet a 
minute. The drum is flat, the cable is steel, mohes m diameter, 
and the sheave wheels are 8 feet m diameter The compressed aor 
for the mmes is furnished by a large two-stage Ingersoll-Sargeant 
compressor and is dehvered to the mming machmes at about 100 
pounds pressure The mme fan, which is an 18-foot exhaust fan of 
the Guibal type, is operated by an mdependent steam engme The 
mme has a capacity of about 1,000 tons a day, hut 700 tons of salt 
IS about the daily maximum hoisted 




A COARSER GRADES OF ROCK SALT PRODUCED IN KANSAS ROCK SALT MINES GRAINS ABOUT 
SIX SEVENTHS OF ORIGINAL SIZE 



Ji FINER GRADES OF ROCK SALT PRODUCED IN THE KANSAS ROCK SALT MINES ABOUT 
SIX SEVENTHS OF ORIGINAL SIZE 
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ROYAL SALT CO , KANOPOLIS, KANS 

The shaft of the Royal Salt Co (PI X, 0, p 52), constructed m 
1890, IS about one-quarter nule from Kanopohs, Ellsworth County^ 
Kans In 1912 water was being pumped from a rmg m the shaft at 
a depth of 210 feet The timbers of the shaft are held m place by a 
senes of props to the aide walls of the aiea where the salt has been 
washed away, and the timbermg has been tied together with flooring 
The shaft contams two hoistmg compartments, each 5 5 by 6 5 feet, 
and an air compartment 8 by 6 5 feet, and it is 803 feet deep The 
bed of salt named is 9 feet thick 

MINING 

Two mam entnes 40 feet wide have been dnven north and south, 
and the mine is worked on a three-heading system, with all entnes 
the same, width Compressed-air auger drills are used and 9-foot 
holes are bored No undercutters are used and the salt is blasted 
off the solid The powdei used is a 20 pel cent mtroglycerm pow¬ 
der, and it is exploded by electricity As the roof and floor are 
tough gray shale, no timbers are deemed necessary 

The salt is loaded into mine oars holdmg 1 ton to 1 5 tons The 
cars are hauled to the shaft by mules and hoisted to the top of the 
mill placed over the shaft The seam of salt is uniform to the west 
and south, but not so much so to the east and north It dips north¬ 
east m one part of the name, hut the dip is not great enough to hmder 
haulmg 

MILLING 

Eight grades of salt are made m the mill Nos 1 special, 1, 2, 3, 
4, 7, C F , and packers’ fine Lump salt is also sold These grades 
are hke those illustrated m Plate XXIV 

The salt is dumped at the top of the null onto a set of bars and 
all fine salt passes through to a 3-screen shaker The large lumps 
may go by the lump conveyor to a storeoroom or between 24-mch by 
30-moh toothed rolls. From the rolls it goes between a second pair 
of toothed rolls, set closer together, and from that pair it goes to 
three fine-soreen shakers. The shakers are narrow and contam wire 
screens, whereas those at the Bevis mill are wide and have punohed- 
plate screen^ The products of the shakers go to bins and elevators- 
There are also three fine grmders, and grades 2 and 3 are fed to them 
when there is a demand for fin© salt from these gnndeits, being 
screened and th en binned The mill can handle about 250 tons of 
rook salt a day. 

EQUIPMENT 

The plant one saokmg room and a lump storeroom* The 
steam for the hoistmg engme, compressor, null engme, fan engme, 
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and pumps is fui rushed by five oil-fiied boilers of 100 horsepower 
each The hoisting engine is a Vulcan hoist with a conical dium 
7 5 feet m diametei at the small end and 10 5 feet in diameter at the 
middle The 16-mch by 18-mch smgle-stage Ingersoll compressor de¬ 
li veis an at 100 pounds pressure The mill is operated by a Buckeye 
Corliss engme of about 100 horsepower An exhaust fan over the 
air shaft is operated by a separate steam engme 


GEYSTAL BOOK SALT CO , KANOPOLISj KANS 


THE SALT BED 


The salt bed that is woiked by the Crystal Rock Salt Co at Kan- 
opohs, Kans , is 11 feet thick and is capped by a layer of shale one- 
eighth mch thick The bed is about 170 feet below the top of the 
first salt bed encountered m smkmg the shaft, as will be seen from 
the followmg section 


Section of salt beds above the rot I salt mined by the Crystal Rock Salt Co , Kanopolis, Kam 


Matendl 

Unrecorded titrata, to top of salt 
Salt with black fakes, quite dark 
8 hale. 

Fair salt. 

Salt mixed with shale- 
Fair salt with dirt 
Farting shale 
Fair salt 
Shale 

Salt and dirt mixed 
Dirt- 
Fair salt 
Shale , 

Good salt 
Shale.. 

Salt and shale mixed. 

Fair salt. 

Black fakes and salt mixed 

Shale 

Dirty salt 

Shale . 

Fair salt 
Shale 
Fair salt. 

Shale. 

Dirty salt 
Shale 
Fair salt 

Salt and shuae mixed 
Clay 

Salt and shale mixed 
Hard black salt 

Good salt with black streaks ruznung up and down 


Thickne&s 

Depth 

Ft 

In 

It 

In 

(612) 




10 




1 


11 


3 


14 


4 


18 


6 


24 


0 

2 

24 

2 

5 


29 

2 

1 

6 

30 

8 

6 


36 

8 

0 

3 

36 

11 

3 

6 

40 

5 

0 

2 

40 

7 

4 


44 

7 

1 


45 

7 

4 


49 

7 

4 


53 

7 

20 


73 

7 

0 

8 

74 

3 

7 


81 

3 

1 


82 

3 

3 


85 

3 

1 

6 

86 

9 

2 


88 

9 

2 


90 

9 

11 


101 

9 

1 


102 

9 

3 


105 

9 

0 

10 

106 

7 

7 


113 

7 

9 


122 

7 

0 

8 

123 

3 

3 


131 

3 
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Material 

Fair Balt 

Salt and shale mixed 

ThlCkQCSa 
Ft In 

4 

1 a 

Depth 
r* In 

135 3 

Q 

Fair salt m.th. daik streaks 

6 


142 

g 

Shale 

1 


143 

9 

Daik salt 

7 

G 

151 

3 

Paiting 

0 

1 

151 

4 

Daifc salt 

1 

3 

152 


Paiting 

0 

1 

152 

s 

Dark salt 

1 

6 

154 

2 

Good salt 

3 

157 

2 

Black salt 

0 

6 

157 

& 

Fair salt 

5 

6 

163 

2 

Shale 

0 

2 

16? 

4 

Good salt 

1 

8 

165 


Fan salt 

Stieaked black salt 

3 

2 

6 

IbS 

170 

G 

Salt (now being woiked) 

11 

ISl 

6 


The section docs not show the entire thiclmess of the salt-heaiing 
senes, as a prospecting shaft known as No 3 shaft has been sunk 
nearly 50 feet deeper m the search for potash salts The section 
revealed by this deeper shaft is given below 

Sectwn of Shaft No St Crystal Rod Salt Co , Kanopoh^, Kans 


Malarial 

Shale . 

Balk salt 
Shale 
Daik salt 
Shale 

Dark salt mixed v-nth shale 

Shale 

Daik salt 

Shale 

Daik salt 

Shale 

Light-colored salt- 
Shale 

Light-colored salt 


TbicknciiS 

Depth 

Ft 

In 

n 

In 

0 

10 

. 


5 


5 

10 

0 

2 

6 


1 

10 

7 

10 

0 

1 

7 

11 

15 


22 

11 

0 

1 

23 


1 

4 

24 

1 

8 


32 

4 

4 


36 

4 

0 

1 

36 

5 

3 

6 

39 

11 

0 

1 

40 


6 

10 

46 

10 


Thus if the thickness of the salt bed that is being worked is taken 
as 11 feet the total thickness of salt and associated beds i& about 
228 feet, and the sections given above do not include the entire 
saline senes Of the sections given above, 188 feet 11 inches is salt 
designated as fair, good, dirty, or mrsed with other ingredients 
The shaft was sunk in 1907 and 1908 It is about one-quarter mile 
southwest of that of the Hoyal Salt Co 


METHOD OB' SINKINO SHABT 

The shaft is a three-compartment shaft, 6 5 by 18 feet mside 
dimensions, two of its compartments bemg used foi hoistmg and the 



134 


TECHNOLOGY OF SALT MAKING 


tlurd for an air shaft The shaft was timbered down to the first 
water level with heavy timbers, and a large dram of boiler iron, the 
shape of the shaft, was driven through the water-bearing sand The 
dram is biacketed and timbered on the mside to prevent its collapsmg 
It was diiven mto a seaih of day below the sand, and the shaft 
below the day seam is timbered with heavy timbers set “skm to 
skm^' Two other small water-bearmg strata were encountered 
and a watei ring was mserted at a depth of about 300 feet, from 
which water is bemg pumped 

"The shaft is 800 feet deep and strikes the same seam of salt as 
that mmed by the Royal Salt Co The workmgs extend only a 
few bundled feet from the shaft 

MINING 

The mining operations are similar to those in the Royal mine 
Electric drills weie tried but they did not prove satisfactory and 
compressed-air auger drillB are now used The mine cars hold 2 tons 
and are trammed by hand 

MILIflNO 

The milhug processes are similar to those m the miH of the Royal 
Salt Co, the mam differences being that the Crystal mill is double, 
the cages are self-dumping, and the machinery is more compact 
The same grades of salt are made About 600 tons of salt can he 
crushed in a day with both nulls running, hut in 1912 only one mill 
was operated, and about 250 tons of salt was ground daily 

BQ-DIPMBNT 

The mine has one sacking room below the bms and a lump store¬ 
room The plant has three coal-fired hoilexs of 100 horsepower 
each, and aU of them are used when the plant is m operation The 
hoist IS a direot-connected Crawford hoist with a cyhndncal drum, 
the hoisting speed is 2,500 feet a nunute The compressor is a single- 
stage, belt-driven machme A direct-current generator is used when 
the electnc drills are operated The mill, compressor, and generator 
are operated by a steam engine No fan has been put in as the mine 
has been operated for only a shozt tune 

COMMERCIAL GRADES OF KANSAS ROOK SALT 

The same grades of salt are produced at all the nunes m Kansas 
and are given the same names m different parts of the State The 
prmcipal grades are numbered 1, 2, 3, 4, 7, C F (oonunon fine), 
packers' fine, and lump salt Grade No 2, of which most is sold, is 
composed of cubes one-eighth to one-quarter mch in diameter and 
is extensively used for making bnnes in pac kin g houses and for 
saltmg hides Grade No 1 consists of grams about the size of grams 
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of wlieat This salt is also used for salting hides, in inanufactiinng 
soda ash and caustic soda, in mfl.Wrng hrines and fieezing^nixturcs, 
and in soap making Grade No 3 coarse, the grains being more 
than one-(piarter inch in diametei This salt is used in refngeiatoi 
cars and in other refrigerators Grade No 4 is about as fine as 
coarse evaporated salt, and it is used by stockmen, soap makers, 
and glass manufacturers and also in chlormation furnaces Grade 
C F contains all grades from No 1 to the coarsest and it is used for 
about the same purposes as No 1 Packers' fine is the finest grade 
made It can be used for domestic purposes and it is used exten¬ 
sively in packing beef and pork Lump salt is obtamable at all the 
mines, some lumps weighing seveial thousand pounds bemg sold 
Lump salt is gray and firm It is sold for salting live stock 

MYLES SALT CO , GBANDE COTE, LA 

Accordmg to Veatch® salt was discovered at Giande Cote, La , m 
1897, and nearly a year later the Myles Salt Co was organized The 
present shaft was commenced in July, 1898, where the salt is nearest 
the surface One hundred feet of 10-foot tubular casing was used 
m sinking the shaft to the salt In July, 1901, the work of si nking 
a rectangular shaft below this casmg into the rook salt was begun 
The 600-foot level was reached and tunnels to the east and the west 
were being driven in March, 1902 The shaft is 645 feet deep The 
tubular casmg was contmued 10 feet into the rock salt The shaft 
was contmued m cyhndncal form 35 feet faither, and wood laggmg 
inclosed by concrete a foot thick was used to prevent leakmg. This 
structure was encircled at mtervals by rmgs of asphalt 3 to 6 feet 
high and 2 or 3 feet thick at the base The surface of the salt after 
bemg thoroughly heated was painted with asphalt The shaft below 
the 135-foot cylindrical section is 10 feet square 

Minin g IS earned on by first undercutting or blastmg out trian¬ 
gular ch nnkfl of salt on a level with the floor of the mme The over- 
lymg layers are then removed in turn upward from the floor The 
salt IS conveyed to the foot of the shaft in small dump cars drawn 
by mules over narrow-gage steel tracks At the shaft the salt passes 
through a crusher, from which it falls mto a bm From the bm it 
is drawn off into a 5-ton self-dumping cage, m which it is drawn to 
the surface, the cage makmg the round tnp m four mmutes. A 
pair of 20-foot by 30-foot engines wmd up the cable that lifts the 
cage Two compressors supply air to the drills m the mme, and a 
small separate engme works the ventilatmg fans The crusher at 
the bottom of the shaft, the screens, and the null machmery above 
ground are run by electricity from a dynamo m the engme room 
The salt is ground after bemg dumped from the cage on the top 

a Veatch A C, General geology Louisiana Gool Survey Kept, for lfe99, pt fi, lli99, p 125 
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flool of the building It is then passed thiough screens of vaiions 
mesh, depending on the sizes of salt marketed Grades 1, 2, and 3 
are used foi lefiigcratmg, curmg hides, curmg fish, makmg salt 
pickles, and glazing m enameling and pipe works 

The C (coarse) and F (fine) giades are used foi dry-saltmg meats 
and clearmg oleomaigarme, and m chemical processes The A 
grade is a special one, finei than No 1 and coarser than C The D 
grade is also a special one, consisting of powdered salt fiom the 
gimdmg of any of the ciushed grades in the mills, and it is used for 
any pm pose wheie lapid solution is desued 

AVERl S\LT MINING CO, PETITE ANSE, LA 

Rook salt was discoveied at Petite Anse, La , by John M Avery, 
May 6,1862, and so far as known this was the first discovery of rock 
salt in Noith America The salt was first quarried in a number of 
open pits, which weie destroyed m 1863 The first shaft, 8 feet 
squaie, was sunk m 1867 to a depth of 83 feet, the depth was later 
increased to 90 feet, 58 feet of which was m sohd lock salt Aftei 
the ownership of the property had rested with different companies 
it finally leverted to the New Iberia Salt Co m 1886, and arrange¬ 
ments were made for a switch to the plant from the mam Ime of 
the Southern Pacific Co. Operations were contmqed until 1896, 
when the mines reverted to the Avery family, and two years later 
the Avery Rock Salt Minin g Co was formed This company sank a 
shaft southwest of the old mine on a new site where operations are 
now conducted According to Hams ® the shaft of the Avery Salt 
Minin g Co is 21 feet by 10 feet and 518 feet deep It is divided mto 
two hoistmg shafts and one ventilatmg shaft The galleries are 30 
feet wide and are run m two directions at right angles to each other, 
pillars 30 feet square bemg left as supports 

The salt is conveyed to the foot of the shaft m small cars drawn 
on a narrow-gage tiack by horses and mules The cars are put on 
the platform of the cage, hoisted to the top floor of the mill, and 
dumped by hand The heavy crushmg is therefore done at the top 
of the mill mstead of at the foot of the shaft as at Grande Cote 
^\ftcr prehmmary crushmg the salt is further ground, screened, and 
winnowed to drive off the salt dust, which tends to dehquesce and 
thus cement together the larger salt grams The various grades of 
salt produced are similar to those produced at Grande Cote, and 
are used for substantially the same purposes (See p 135 ) 


a Hanis, G n f Bock s^at Lomsiaod Geol Survey Eept for 1907, Bull 7, 1908, p 17 
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In the following pages are given certain tables lelating to (1) the 
solubihty of sodium chloride and other salts, (2) the chloiine con¬ 
tent, sahmty, and specific gravity of sea water at various concentia- 
tions, (3) atomc weight of elements common in sahne solutions, 
(4) factors for converting radicles to compounds, and (51 compre¬ 
hensive conversion tables for salt solutions 
It is heheved that these tables will prove of mterest and value to 
all students ol the chemistry of salines in general 

Soluhikty of cei tain salts “ 
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Chlorine content, sahnitrj, and specific gravity of sea loater at various concentrations 


Chlorme 

per 

Inlogram 

Sahmty 

per 

kilogram 

Specific 

gravity 

(0/4°) 

Chlorme 

per 

kilogram 

Sahmty 

per 

kilogram 

Specific 

gravity 

(0/4°) 


Grams 


Grams 

Grams 


1 OO 

1 84 

1 00140 

19 60 

35 41 

1 02846 

2 00 

3 64 

1 00287 

19 65 

35 50 

1 02853 

3 00 

5 45 

1 00433 

19 70 

35 59 

1 02860 

4 00 

725 

1 00579 

19 75 

35 68 

1 02867 

5 OO 

9 06 

1 00725 

19 80 

35 77 

1 02875 

6 00 

10 86 

1 00871 

19 85 

35 86 

1 02882 

7 00 

12 67 

1 01016 

19 90 

35 95 

1 02889 

8 00 

14 47 

1 01162 

19 95 

3b 04 

1 02896 

9 00 

16 28 

1 01307 

20 00 

36 13 

1 02904 

10 00 

18 08 

1 01452 

20 10 

36 31 

1 02918 

11 00 

19 89 

1 01597 

20 20 

36 49 

1 02933 

12 00 

21 69 

1 01742 

20 30 

36 67 

1 02947 

13 00 

23 50 

1 01887 

20 40 

36 85 

1 02962 

14 OO 

25 30 

1 02032 

20 50 

37 03 

1 02977 

15 00 

27 11 

1 02177 

20 60 

37 21 

1 02991 

16 00 

28 91 

1 02322 

20 70 

37 39 

1 03006 

17 OO 

30 72 

1 02468 

20 80 

37 57 

1 03020 

18 00 

32 52 

1 02613 

20 90 

37 75 

1 03035 

19 00 

34 33 

1 02758 

21 00 

37 94 

1 03049 

19 10 

34 51 

1 02773 

21 50 

38 84 

1 03122 

19 20 

34 69 

1 02787 

22 00 

39 74 

1 03195 

19 30 

34 87 

1 02802 

22 50 

40 84 

1 03268 

19 40 
19 50 

35 05 
35 23 

1 02816 

1 02831 

23 00 

41 55 

1 03341 


a Knudsen, Martin, Hydrographische Tabellen, Copenhagen, 1911 


Atomic weights of elements common in saline solutions ® 


Element 

Symbol 

Atomic 

weight 

Element 

Symbol 

Atomic 

weight 

Almninum. 

A1 

27 1 

Magnesium 

Mg 

24 32 

Boron 

B 

11 0 


0 

16 00 

Bromme 

Br 

79 92 

Phosphorus 

P 

81 04 

Calcium 

Ca 

40 07 

Potassium 

K 

39 10 

Carbon 

C 

12 00 

Sihcon 

Si 

28 3 

Chlorme 

Cl 

35 46 

Sodium 

Na 

23 00 

Iodine 

I 

126 92 

Sulphur 

S 

32 07 

Iron. 

Fe 

55 84 





o Annual Eeport of the International Committee on Atomic Weights, 1915, Jour Am Chem Soc, vol 
36,1914, p 1585 
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Factors for converting radicles to compounds « 


Gompoimd 


NaCl 
NasO 
NasSOi 
NasSOi lOHaO 
Na.SOi THaO 
NajGOa 

NaHGOa 

Nal 

Nal 2H.0 
NaBr 

NaBr 2H2O 

KGl 

K.O 

E5SO4 

KaGOs 

KBtCOa 

KI 

KBr 

MgGla 
MgClo 6H0O 
MgO 
MgSO* 

MgSOi7HaO 

MgCOa 

g^HCO,)a 

Mgla 8H2O 
MgBra 
MgBra 6II3O 


GaCla BHaO 

CaO 

CaSO 

CaS04 2H:20 

GaGOs 

CapC08)2 

GaBra 


NaGl 
KCl 
MgCla 
MgCla 6H2O 
CaGla 

CaGl^ CH 0 


MgBra 
MgBra 6] 
GaBra 


Mgla 

Mgla SHaO 

Na^SOi . 

NaaSOi lOH 0 

NaaSOiTHaO 

&S04 

MgSOi 

MgS04 THaO 

CaS04 

CaS04 2HaO 

NatCOj 

K3CO3 

CaCOs 

MgGOa 

NaHCOs 

KHCO3 


1 342 

2 bt)7 
1 oba 


1 l‘)2 
1 828 
1 2ol 


1 2a3 

2 a65 
1 417 
1 792 


a Oalculated. by E B Dole, from Annual Eeport of the International Comnuttee on Atome Weights, 
1897, which differ httle from those of 1915 
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Conversion tables for salt solutions ® 


j 

Sail- 

meter 

de¬ 

grees*. 

i 

i Baume 

1 degrees 

i 

i 

j 

i 

Speeofic 

gravity 

Per 
cent of 
salt. 

Weight 
of a gal¬ 
lon of 
this 
bnncm 
pounds 
ot 7,000 
grains 
each 

Pounds 
of salt 
m a gal¬ 
lon of 
brine of 
231 
cubic 
mches 

Gallons 
of brine 
required 
for a 
bushel of 
salt- 

Pounds of 
water to 
be evapo¬ 
rated to 
produce a 
bushel of 
salt. 

Pounds 
of coal 
required 
to pro¬ 
duce a 
bushel of 
salt, 1 
pound of 
coal evap¬ 
orating 6 
pounds 
of water 

Busheis 
of salt 
that can 
be made 
with a 
ton of 
coal of 
2,000 
pounds 

1 

j 0 26 

1 002 

0 265 

8 347 

0 022 

2,531 40 

21,076 00 

3,512 67 

0 569 

2 


1 003 

530 

8 356 

.014 

1,264 40 

10,510 00 

1, 751 67 

1 141 

3 

-S 

1 0))5 

.795 

8 372 

066 

841 30 

6,988 02 

1,161 67 

1 717 

4 

; 1 01 

1 007 

1 060 

S 3S9 

.088 

629 72 

5,227 03 

871 17 

2 295 

o 

1 JO 

1 009 

1 325 

8 406 

.111 

502 77 

4,170 41 

695 06 

2 877 

b 

1 56 

1 010 

1 590 

8 414 

.133 

418 56 

3,466 01 

577 66 

3 462 

7 

1 82 

1 012 

1 855 

8 431 

.156 

358 06 

2,962 87 

493 81 

4 050 

8 

2 OS 

1 014 

2 120 

8.447 

.179 

312 68 

2,585 50 

430 91 

4 641 

9 

2 34 

1 016 

2 385 

S.462 

.201 

277 39 

2,292 00 

382 00 

5 235 

10 

2 CO 

1 017 

2 050 

8 472 

.224 

249 41 

2,057 20 

342 86 

5 833 

11 

2 80 

1 019 

2 915 

8 489 

.247 

226 29 

1,865 09 

310 84 

6 434 

12 

3 12 

1 021 

3 ISO 

8 500 

270 

207 02 

1,705 00 

284 16 

7 038 

13 

3 38 

1 023 

3 445 

8 522 

293 

190 72 

1,569 54 

261 59 

7 645 

14 

3 64 

1 025 

3 710 

8 539 

.316 

176 76 

1,453 43 

242 23 

8 256 

15 

3 90 

1 026 

3 975 

8.547 

339 

164 81 

1,352 80 

225 46 

8 870 

16 

4 16 

1 028 

4 240 

8 564 

363 

154 21 

1,264 75 

210 79 

9 4S8 

17 

4 42 

1 030 

4 505 

8 581 

386 

144 86 

1,187 06 

197 84 

10 108 

IS 

4 68 

1 032 

4 770 

8 597 

410 

136 54 

1,118 OO 

186 33 

10 733 

19 

4 94 

1 034 

5 035 

8 614 

433 

129 11 

1,056 21 

176 03 

11 361 

20 

5 20 

1 035 

5 300 

8 622 

457 

122 53 

1,000 60 

166 76 

11 992 

21 

5 40 

1 037 

5 565 

8 039 

.480 

116 47 

950 28 

ISS 38 

12 627 

22 

5 72 

1 039 

5 830 

8 656 

504 

110 96 

904 54 

160 75 

13 266 

23 

5 98 

1 041 

6 095 

8 672 

.528 

105 93 

862 78 

143 79 

13 90S 

24 

6 24 

1 013 

6 360 

8 689 

552 

101 33 

820 50 

137 41 

14 554 

23 

b 50 

1 045 

6 625 

8 706 

676 

97 09 

789 28 

131 54 

15 203 

26 

6 76 

1 046 

6 890 

8 714 

600 

93 26 

756 77 

126 12 

15 856 

27 

7 02 

1 048 

7 155 

a 731 

624 

89 64 

726 66 

121 11 

16 513 

28 ' 

7 28 

1 050 

7 420 

8 747 

649 

8f> 27 

698 71 

116 45 

17 173 

29 . 

7 54 

1 052 

7 685 

8 764 

673 

83 14 

672 69 

112 11 

17 838 

30 1 

7 SO 

1 0S4 

7 950 

8 781 

698 

80 21 

648 40 

108 06 

18 607 

31 

8 06 

1 056 

8 215 

8 797 

722 

77 48 

625 b7 

104 27 

19 179 

32 1 

8 32 

1 058 

8 480 

8 814 

.747 

74 92 

604 37 

lOO 72 

19 855 

33 1 

S 58 

1 059 

8 745 

8 822 

.771 

72 58 

584 36 

97 39 

20 535 

34 

8 84 

1 061 

9 010 

8 839 

796 

70 31 

565 53 

94 25 

21 218 

35 , 

9 10 

1 063 

9 275 

8 S56 

821 

68 17 

547 77 

91 29 

21 906 

36 , 

9 36 

1 065 

9 540 

8 872 

846 

66 15 

531 00 

88 50 

22 598 

. 37 

9 62 

1.067 

9 805 

8 889 

871 

64 24 

515 13 

85 85 

23 294 

38 1 

9 88 

1 069 

10 070 

8 905 

896 

62 44 

500 10 

83 35 

23 983 

39 1 

10 14 

1 071 

10 335 

8 922 

.922 

60 72 

485 84 

! 80 97 

24 699 

40 

10 40 

1 073 

10 600 

8 939 

947 

59 09 

472 30 

; 78 71 

25 407 

41 

10 66 

1 075 

10 865 

8 955 

973 

67 54 

459 41 

76 56 

26 120 

42 

10 92 

1 077 

11 130 

8 972 

998 

56 07 

447 14 

74 52 

26 837 

43 

11 18 

1 079 

11 395 

8 989 

1 024 

5t 66 

436 44 

72.57 

27 558 

44 

11 44 

1 081 

11 660 

9 005 

1 050 

53 32 

424 27 

70 71 

23 2S3 

45 

11 70 

1 083 

11 925 

9 022 

1 075 

52 04 

413 60 

68 93 

29 013 

46 

11 96 

1 085 

12 190 

9 039 

1 101 

50 82 

403 39 

67 23 

29 747 

47 

12 22 

1 087 

12 456 

9 056 

1 127 

49 64 

393 61 

65 60 

30 486 

48 

12 48 

1 089 

12.720 

9 072 

1 164 

48 52 

384 25 

64 04 

31 229 

49 

12 74 

1 091 

12 985 

9 089 

1 180 

47 44 

375 26 

62 54 

31 977 

50 

13 00 

1 093 

13 250 

9 105 

1 206 

46 41 

366 64 

61 10 

32 729 

51 

13 26 

1 095 

13 515 

9 122 

1 232 

45 42 

358 34 

69 72 

33 487 

52 

13 52 

1 097 

13 780 

9 139 

1 259 

44 46 

350 38 

58 39 

34 247 

53 

, 13.78 

1 100 

14 045 

9 164 

1 287 

43 50 

342.71 

59 11 

35 015 

54 

14 04 

1 102 

14 310 

9 180 

1 313 

42 62 

335 35 

55 89 

35 783 

55 

14 30 

1 104 

14 575 

9 197 

1 340 

41 77 

328 21 

54 70 

36 560 

56 

14’56 

1 106 

14 840 

9 214 

1 367 

40 95 

321 35 

53 55 

37 341 

57 

14 82 

1 lOS 

15 105 

9 230 

1 394 

40 16 

314 74 

52 45 

38 126 

58 

15 OS 

1 110 

15 370 

9 247 

1 421 

39 39 

308 34 

51 39 

38 917 

59 

15 34 

1 112 

15 635 

9 264 

1 448 

38 66 

302 17 

50 36 

39 712 

60 

15 60 

1 114 

15 900 

9 280 

1 475 

37 94 

296 21 

49 36 

40 512 

61 

15 86 

1 116 

16 165 

9 297 

1 602 

37 26 

290 43 

48 40 

41 317 

62 

16 12 

1.118 

16 430 

9 314 

1 530 

36 59 

284 84 

47 47 

42 129 

63 

16 38 

1 121 

16 695 

9 339 

1 559 

35 91 

279 42 

46 57 

42 945 

64 

16 64 

1 123 

16 960 

9 355 

1 586 

35 29 

274 18 

45 69 

43 765 

65 

16 90 

1 125 

17 225 

9 372 

1.614 

34 68 

269 10 

44 85 

44 691 

66 

1 17 16 

1 127 

17 490 

1 9 389 

1 642 

34 10 

264 18 

44 03 

45 423 

67 

17 42 

1 129 

17 755 

1 9 405 

1 670 

33 53 

259 40 

43 23 

46 260 

68 

17 68 

i 1 131 

18 020 

9 422 

1 697 

32 98 

254 76 

42 46 

47 102 


*Bn^Ieliardt, F. E., Annual report of Onondaga Salt Springs, for 1883, 1884, pp 36-37* 
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Conversion tables for salt solutions —Continued. 


Sail- 

meter 

de¬ 

grees. 

Baumd 

degrees. 

Specific 

gravity. 

Per 
cent of 
salt. 

Weiglit 
of a gal¬ 
lon of 
this 

brine m 
pounds 
of 7,000 
grams 
each 

Pounds 
of salt 
m a gal- 
lon of 
brine of 
231 
cubic 
mches 

Gallons 
of brine 
required 
for a 

bushel of 
salt 

Pounds of 
water to 
be evapo¬ 
rated to 
produce a 
bushel of 
salt. 

Pounds 
ofcoal 
required 
to pro¬ 
duce a 
bushel of 
salt, 1 
pound of 
coal evap¬ 
orating b 
pounds 
ot water 

Bushels 
of salt 
that can 
be made 
with a 
ton of 
coal of 
2,000 
pounds 

69 

17 94 

1 133 

18 285 

9 439 

1 725 

32 44 

250.26 

41 71 

47 949 

70 

18 20 

1 136 

18 550 

9 464 

1 755 

31.89 

245.88 

40 98 

48 802 

71 

18 46 

1 138 

18 815 

9 480 

1 783 

31 39 

241 63 

40 27 

49 662 

72 

18 72 

1.140 

19 080 

9 497 

1 812 

30 90 

237.50 

39 58 

50 526 

73 

18 98 

1 142 

19 345 

9 514 

1 840 

30 42 

233 47 

38 91 

57 397 

74 

19 24 

1 144 

19 610 

9 530 

1 868 

29.96 

229.56 

38 26 

52 272 

75 

19 50 

1 147 

19 875 

9 555 

1 899 

29 48 

225 76 

37 62 

53 153 

76 

19 76 

1 149 

20 140 

9 572 

1 927 

29 04 

222 05 

37 00 

54 041 

77 

20 02 

1 151 

20 405 

9 580 

1 956 

28 62 

218 44 

36 40 

54 934 

78 

20 28 

1.154 

20 670 

9 614 

1 987 

28 17 

214 92 

35 82 

55 834 

79 

20 54 

1 156 

20 935 

9 630 

2 016 

27 77 

211.49 

35 24 

56 739 

80 

20 80 

1 158 

21 200 

9 647 

2 045 

27.38 

208 14 

34 69 

57 650 

81 

21 06 

1 160 

21 465 

9 664 

2 074 

26 99 

204 88 

34 14 

58 568 

82 

21 32 

1 163 

21 730 

9 689 

2 105 

26.59 

201 70 

33 61 

59 471 

83 j 

21 58 

1.165 

21 995 

9 705 

2 134 

26 23 

198 60 

33 10 

60 421 

84 

21 84 

1.167 

22 260 

9 722 

2 164 

25.87 

195 57 

32 59 

61 359 

85 

22 10 

1 170 

22 525 

9 747 

2 195 

25 50 

192 61 

32 10 

62 301 

86 , 

22 36 

1.172 

22 790 

9 764 

2 225 

25 16 

‘ 189 72 

31 62 

63 250 

87 ! 

22 62 

1.175 

23 055 

9 780 

2 256 

24 81 

186 89 

31.14 

64 206 

88 ' 

22 88 

1 177 

23 320 

9 805 

2 286 

24 48 

184 13 

30 68 

65 168 

89 

23 14 

1.179 

23 585 

9 822 

2 316 

24 17 

181 44 

30.24 

66 137 

90 

23 40 

1 182 

23 850 

9 847 

2 348 

23.84 

178 89 

29 SO 

67 113 

91 

23 66 

1.184 

24.115 

9 864 

2 378 

23 54 

176 22 

29 37 

68 09t) 

92 

23 92 

1 186 

24 380 

9 880 

2 408 

23 24 

173 69 

28 94 

69 085 

93 

24 18 

1.189 

24 645 

9 905 

2 441 

22 93 

171 22 

28 53 

70 086 

94 

24 44 

1 191 

24 910 

9 922 

2 471 

22 65 

168 SO 

28 13 

71 086 

95 

24 70 

1.194 

25 175 

9 947 

2 504 

22 36 

166 44 

27 73 

72.105 

96 

24 96 

1 196 

25 440 

9 964 

2.534 

22 00 

164 12 

27 35 

73 114 

97 

25 22 

1 198 

25 705 

9 980 

2 565 

21 82 ! 

161 85 

26 97 

74 140 

98 

25 48 

1 201 

25 970 

10 005 

2 598 

21 55 

159 63 

26 60 

75 172 

99 

25 74 

1 203 

26 235 

10 022 

2 629 

21 29 

157 45 

26 24 

76 212 

100 

26*00 

1 205 

26 500 

10.039 

2 660 

21 04 

155 32 

25.88 

77 259 
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